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INTRODUCTION. 


Large quantities of American corn are normally exported to Europe 


each year. 


Investigations conducted by the United States Depart- 


~ment of Agriculture have shown that a considerable amount of the 
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corn exported previous to the World War arrived in Europe in a 
heated, damaged, and spoiled condition.t 

During the latter stages of the war the authorities who had control 
of the shipping of large amounts of corn to Europe took steps to 
insure that only such corn as would safely stand any voyage without 
spoiling was exported. Some of the requirements imposed were more 
strict than appear to be necessary under normal conditions, and, 
since such normal conditions will again obtain after the close of the 
war, the data presented in this bulletin will be of general interest to 
the export trade. 

The carrying qualities of export corn during shipment to Europe 
depend for the most part on the moisture content and the quality 
and condition of the corn as loaded, the length of the voyage, the 
season of the year during which shipped, the weather conditions 
during the shipment, and the position of stowage of the corn in the 
vessel. In order to determine the influence of each of these factors 
under varying conditions, eight representative cargoes of corn were 
accompanied from the United States to various European ports, and 
one additional cargo (cargo No. 5) was thoroughly sampled at the 
time of loading in America and again at the time of discharge in 
Europe.? In the investigations covering the cargoes which were 
accompanied to Europe, observations and tests were made daily 
from the time the corn was put into the vessels until it was discharged 
in Europe. During the loading of these cargoes, electrical resistance 
thermometers were placed at various definite positions in the corn. 
These thermometers were extended by “‘leads”’ to the deck of the 
ship so that they could be conveniently connected to a temperature 
indicator as illustrated in figure 2, thus making it possible to obtain 
a record of the changes in the temperature of the corn in the various 
positions of stowage. The temperatures were recorded each day 
that the weather permitted during the voyage. 

As the electrical-resistance thermometers were being placed in the 
corn, 3-quart samples were taken from the corn surrounding each 
thermometer, with which to determine the changes in the quality 

i These daia are given in U. S. Department of Agriculture, Bureau of Plant Industry, Circular No. 55. 
This publication, of which J. D. Shanahan, C. E. Leighty, and the writer are the authors, is now out of 
print. Since the investigations reporied in this bulletin are a continuation of those discussed in Circular - 
No. 55, the subject matter discussed in that publication regarding moisture content as a factor influencing 
the carrying qualities of export corn, germination, and fermentation in export corn, the keeping qualities 
of export corn influenced by its position of stowage in the steamship, and the length of the voyage and season 
of the year when shipped in relation to the carrying qualities of corn has been freely used in this bulletin 
in the discussion of those iactors. 

2 Cargoes Nos. 1, 2, 3, and § were accompanied to Europe by the writer; cargoes Nos. 4 and 9 were accom- 
panied by John H. Cox; cargo No. 6 was accompanied by Laurel Duval, and cargo No. 7 was accompanied 
by R. C. Miller, grain supervisors, iormerly assistants in grain standardization. Theinvestigations reported 
herein were made in the Office of Grain Standardization ofthe Bureau of Plant Industry under the direction 
oi Dr. J. W. T. Duvel, crop technologist in charge. Since July 1, 1917, the grain standardization investiga- 


tions of the Department of Agriculture have been administered by the Bureau of Markets in connection 
with the enforcement of the United States grain standards Act, 


CARRYING QUALITIES OF EXPORT CORN. 3 


and condition of the corn during the voyage. One-half of each 
sample was retained for analyses and the other half put into a “trap”’ 
or crossed, wire container, which was then fastened to the thermometer 
and recovered as the corn was being discharged in Kurope. The 
purpose of using the wire containers was to secure certain definite 
samples with which to correlate the effects of the changes in tempera- 
ture during the voyage on corn differing in moisture content and the 
degree of soundness at the time of loading. As will be shown later, 
the corn in the various vessels at the time of loading varied, consid- 
erably in the factors of quality and condition. Likewise, a large 
proportion of the corn became hot and damaged while it was in the 
vessels. ‘The records show that the quality and condition of the 
corn at the time of loading, the position of stowage in the vessel, the 
Jength of the voyage, the season of the year during which the corn 
was shipped, and the weather conditions during the voyage, each 
influenced, to a great extent, the carrying qualities of the corn during 
the time it was in the vessels. 


MOISTURE CONTENT AS A FACTOR INFLUENCING THE CARRYING QUALITIES OF EXPORT 
CORN. 

The moisture content of corn, and of other grains as well, is the 
primary factor determining their capacity to carry safely in ocean 
transit without deterioration. Corn in which the moisture content is 
sufficiently low will carry safely under ordinary conditions of ocean 
transit for any reasonable length of time during any season of the year, 
no matter where it is stowed in the vessel, while corn containing a high 
moisture content is constantly in danger of heating at any time 
owing to a variety of contributing causes. Thoroughly air-dried 
corn contains from about 12 to 13 per cent of moisture. Such corn 
may be shipped for export at any time under ordinary conditions 
with little or no danger from heating in transit, and this is practically 
true also of corn containing up to 14 per cent moisture provided 
fermentation has not started. The fact that certain lots of corn con- 
tain higher percentages of moisture does not necessarily mean that. ~ 
they will not stand ocean shipment safely. The corn may be per- 
fectly sound, the voyage may be short, the air temperature at the 
time of loading and during the voyage may be low, no disturbing 
influence such as heat radiating from the ship’s boilers and engine 
rooms and shaft tunnels may be encountered, and the corn kept 
practically in cold storage. Under such most favorable conditions, 
corn with a relatively high moisture content may sometimes be 
safely carried. Cargoes of such corn are often landed upon the 
quays in Europe in a perfectly cool condition, which corn, upon being 
exposed to warm atmospheric conditions often becomes hot and unfit 
for reshipment in a short time, When corn ‘‘goes out of condition” 
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the effect of its relative moisture content immediately becomes 
evident. Corn with a low moisture content requires a much longer 
time to reach that stage designated as ‘‘hot” or to become discolored 
or ‘‘damaged” by the process of heating, than corn with a high 
moisture content, while corn with a high moisture content will heat, 
become discolored, and lose weight by evaporation quickly, and the 
processes of deterioration are accelerated with each additional per 
cent of moisture much more rapidly than the proportionate increase 
in the moisture content. When corn of a low moisture content is 
found in a heating condition, it can ordinarily be restored to a cool 
condition with but a slight amount of handling and ventilating and 
without much, if any, loss in value through discoloration, while corn 
with a high moisture content, when heated in any considerable bulk, 
quickly becomes badly discolored and damaged and is restored to a 
cool condition with great difficulty and a great amount of handling 
only with more or less damage to its quality and a corresponding loss 
in value. ) 

It will be noted from the following charts and ‘tables that many of 
the samples showed a higher moisture content at the time of discharge 
in Europe than the corn had at the time of loading. It is not thought 
possible under ordinary conditions of ocean transportation for corn or 
other grain, confined as it is in the holds of ships, to take on moisture 
from the air, as grain from semiarid regions is said to do when other- 
wise transported to more humid regions. This is especially true when 
the moisture content of the corn as shipped is high. There are two 
~ means by which the moisture content in any part or the whole of the 

‘ship’s corn cargo may be increased during transportation: (1) 
- Transfer of moisture by air currents caused by changes in temperature, 
and (2) by chemical changes within the corn kernel. As to the first 
means, corn containing excessive moisture and situated so that the 
moisture can escape when subjected to heat, will give off moisture and 
- become drier. The moisture thus given off in a ship’s hold, in case 
the temperatures in the hold are not uniform, finds its way to the 
usual air space above the corn and under the deck, passing thence as 
-~water to other parts of the hold where it condenses on the cooler corn, 
the cooler deck, and the sides of the ship. This process, augmented 
as time goes on by the second means, may increase considerably the 
moisture content of the corn in some portions of the hold or cargo. 
The second means by which the moisture content of the corn may be 
increased is by the change in the chemical composition of the kernel, 
the effect of which is more evident in corn that is heatmng badly. Con- 
‘ditions of temperature and moisture may be favorable in some part of 
the cargo for fermentation to begin and to continue with more or less 
vigor. The heat generated in this process is gradually transmitted to 
the surrounding portions, starting and increasing fermentation, which 
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decomposes the grain and liberates its water of composition, thus 
increasing the amount of moisture in some portions or in the whole 
cargo, if conditions are not disturbed, without any addition whatever 
of moisture from outside sources. From these causes, the grain in 
many of the shipments examined was found to be damp and heating 
at the top, while that beneath was cool, and the iron decks and sides 
of the ship were found to be quite wet from the condensed moisture 
from the heating corn. 


GERMINATION AND FERMENTATION IN EXPORT CORN. 


In the grain trade the germinating season, so called, is said to be a 
special season in the year during which grain is customarily planted 
in the ground. The limits of this season are generally understood 
to extend from the middle of March to the middle of June. It is 
generally believed that there is a natural and inherent tendency in 
grain to germinate during that season and that the heating of grain 
in storage and in transit during those months is due primarily to 
this tendency. Sprouted corn was occasionally found in the cargoes 
examined, but only at the top of the bulk, where considerable addi- 
tional moisture had been supplied, either through condensation as 
described elsewhere or from outside sources, and where the corn had 
access to fresh air. In order that corn, or any of the grains, may 
germinate, there must be present: (1) Air or ogygen, (2) heat, and 
(3) moisture. If one or more of these are absent, germination will 
not take place, but if all are present at the same time and in sufficient 
quantities and the germ of the corn be alive, germination will take 
place, regardless of the time, the place, or the season of the year. 
There can be no doubt that the same conditions of temperature and 
moisture that favor germination or the active growth of the germ of 
the grain, are favorable also to the growth of molds and bacteria as 
well as the production and action of certain ferments and enzymes 
which have the power of changing the composition of the grain 
kernels and which in their action produce heat sufficient to cause the 
heating of the grain. Fermentation is the principal danger to which 
damp grain in storage or in transit is exposed. Corn in which 
fermentation has begun need not necessarily be hot or even perceptibly 
heating, but the action is usually indicated by a peculiar, faintly sour 
odor present. The presence of this odor should serve as a warning 
to the shipper or handler of grain, because corn in which the odor is 
present soon becomes hot if not frequently and thoroughly ventilated, 
especially if its moisture content is high. The process of fermentation 
develops acid within the corn kernel, and the degree to which fermen- 
tation has taken place in any given lot of corn may be very closely de- 
termined by the acidity test andis expressed in this publication in terms 
of “acidity c.c.” The maximum limit of acidity allowed by Austra- 
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lian and Italian law in corn to be consumed for human food is 30 c.«. 
and this is also the maximum limit allowed by the pure food board 
of South Carolina in corn entering that State. Corn testing over 
30 c. c. in acidity is such that no reputable grain man in this country 
would class it in any of the numerical grades. In several hundred 
samples of corn tested by the department, corn on the farms averaged 
18.1 ¢. ¢., corn received at terminal markets 20.4 c. c.,! and the corn 
discharged at foreign ports averaged 30.4 c.c. in acidity. It will be 
of interest to note that of these samples, those taken from the farm 
tested 76.5 per cent in germination, samples received at terminal mar- 
kets tested 58.8 per cent in germination, and samples taken at foreign 
ports tested 31 per cent in germination, showing that there is a close 
relation between the soundness of corn as determined by the acidity 
test and its viability.’ 

THE KEEPING QUALITIES OF EXPORT CORN INFLUENCED BY ITS POSITION OF STOWAGE 

IN THE STEAMSHIP. 

Practically all of the corn that is exported to Europe from the 
United States is carried in bulk, with the exception of small quanti- 
ties placed in sacks, which are used for trimming the cargo in order to 
prevent the bulk grain from shifting with the rolling and pitching 
of the ship. When the corn is thoroughly air-dried, it is not a matter 
of great importance where or how it is stowed, as long as it does not 
come in contact with the sea water, green or wet shifting boards, 
or damp or wet freight or wet lumber, etc. Where the shipments of 
corn contained a percentage of moisture much above that of thoroughly 
air-dried corn, it was found that at least some of the corn was often 
in a heating condition at the time of discharge. Where the heating 
occurred in positions of stowage free from the engine and boiler-room 
bulkheads and the shaft tunnels, the greatest heat and the most 
severe damage were found at the surface, the less heat and the less 
degree of damage the farther the distance down in the hold. When 
the damaged corn was located in that section of the ship contiguous 
to the boiler and engine-room bulkheads or to the propeller shaft 
tunnels, the greatest heat and the most severe damage were found 
nearest to those bulkheads and shaft tunnels, and the less heat and 
less degree of damage the farther the distance from them. The usual 
situation in such ¢ases is clearly indicated in figures 17 and 54. 
LENGTH OF THE VOYAGE AND SEASON OF THE YEAR WHEN SHIPPED, IN RELATION TO 

THE CARRYING QUALITIES OF CORN. 

It appears from these investigations that if the corn when loaded 

in the ships is sound and dry, the length of the voyage has little or no 


1 The method of determining the acidity of corn is given in Department of Agriculture, Bulletin 102, 
entitled “‘ Acidity as a factor in determining the degree of soundness of corn.” 

2 The germination tests given in this report were made by the Seed Laboratory of the Department of 
Agriculture. 
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effect on its condition, but when it is shipped with a high moisture 
content and is stowed in such a way as to be subjected to heat from 
the inside of the ship, or is shipped during warm seasons of the year 
when it is subjected to considerable heat from the atmosphere and 
water, the length of the voyage is a very important factor, especially 
if the heating begins early in the voyage, in which case the heat is 
gradually diffused with each succeeding day and a higher temperature 
by action of ferments and enzymes, is developed in the corn already 
hot. Thus, with each succeeding day, more of the sound corn begins 
to heat and the corn already heating becomes more severely damaged. 


CARGO No. 1. 


Cargo No. 1 consisted of 240,000 bushels of corn, which was dis- 
charged at three ports in Denmark. The grain was loaded on the 
6th, 7th, and 8th of March, 1910. The vessel sailed on the 8th of 
March and arrived at Copenhagen April 1, where the discharge of the 
corn was begun on April 4. The last of the corn in the vessel was 
discharged at Aalborg on April 15. The length of the voyage to 
Copenhagen was 24 days. The average time the corn was in the 
vessel was 34 days and the maximum time 41 days. 


o DESCRIPTION OF THE CORN. 


The cargo contained four lots of corn, each of which was quite 
distinct in quality and condition from the others. For the purpose of 
designating these lots in the following pages, they will be called natural 
“Southwestern,” natural ‘‘Central,” dried “A,’’ and dried ‘‘B”’ corn. 
Although the origin of each lot could not be definitely determined, the 
most reliable data available show that the corn designated as natural 
“Southwestern” was grown in the southwestern part of the corn belt, 
presumably in Texas and Oklahoma; that designated as eel 
“Central” originated in the central part of the corn belt, probably 
chiefly in Illinois; the lots designated as dried ““A”’ and dried “B” 
were from the same section as the natural “Central” corn, but had 
been artificially dried. 


STOWAGE OF THE CORN. 


As is shown in figure 1, each cargo hold of the vessel was filled with 
corn, except hold 1, wibiels had an air space on the top of the corn of 
Sent 4 feet on the. port side and of about 6 feet on the starboard side 
of the shifting boards. Holds 1 and 2 contained only natural ‘“Cen- 
tral” corn. Hold 3 contained both natural ‘Central’ and natural 
“Southwestern” corn. The natural “Southwestern” corn, amounting 
to about 6,000 bushels, was stowed near the central part of the hold 
under the middle and Setar hatches, and the natural “Central ’’corn 
was stowed both immediately above and below the natural “South- 
western’’ corn. Hold 4 contained natural ‘Central’? and the two 
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lots of artificially dried corn, the natural ‘‘Central”’ being stowed in 
the upper part of the hold directly un- 
der the forward hatch, and separated 


and atarpaulin. The dried “A” corn 
was the upper portion of the dried corn 
under the two forward, hatches of hold 
4, and the dried “‘B” corn filled the 


remainder of the hold. 


BALLAST 


CONDITION OF THE CORN AS LOADED. 


The ranges in the more important 
factors, showing the quality and con- 
dition of the four lots of corn as loaded 
and as discharged, are shown by holds 
in Table 1, while the detailed analyses 
of the samples taken from each lot of 
corn are shown in Table 2. From 
these two tables it will be seen that 
there was a marked difference in the 
quality and condition of the four lots 
of corn at the time of loading, each lot 
considered separately, however, be- 
ing quite uniform throughout. The 
average condition of each of the four 
lots of corn as loaded is shown in Ta- 
ble 3. Asseen in Table 3, the natural 
‘Central’? corn contained the most 
moisture, the average being 18.7 per 
cent. The natural ‘‘Southwestern’”’ 
and the dried ‘‘A”’ corn were both rela- 
tively low in moisture content, the 
averages for these being 14.7 per cent 
and 14.9-per cent, respectively, while 
the dried ‘‘B” corn averaged 16.3 per 
cent. The average germination was 
the highest in the natural ‘‘Southwest- 
ern”’ corn, 84 per cent, and the low- 
est in the dried ‘‘B” corn, 32 per cent. 
The averages for the natural ‘‘Cen- 
tral’’ and the dried ‘‘A’’corn were 51 
per cent and 50 per cent, respec- 
tively. The dried ‘‘B”’ corn con- 
tained the highest degree of acidity, the 
average being 27.5 c. c., and the dried ‘‘A”’ corn contamed the 
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Fig. 1.—Diagram showing the arrangement of the steamship and the stowage of the four lots of corn in the holds. 
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lowest, the average of which was only 22.5 c.c. The average acidity 
for the natural ‘‘Southwestern”’ and the natural ‘‘Central”’ corn was 
25.8 and 26.6 c. c., respectively. 


Taste 1.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 1, as loaded and as discharged by holds. 


Weight 


elses | Moisture. Acidity. Germi-| Sound 


Holds. ature. | content. nation. | kernels. ieee 
Hold No. 1: 
Natural ‘‘Central’”’ corn— 270 Per cent. (Se Percent.| Per cent. | Pounds. 
INGE Kesey evo ke Ss ee eee te Ceo en ee 53- 59 | 18.4-19.3 |21.0- 28.5 45-72 | 85.2-98.7 | 50. 5-53.0 
Atsidischangeds: Hast eee se eae 60-143 | 17. 5-23.1 |24.0-101.0 0-80 0-90.1 | 45. 5-55.3 
Hold No. 2: 
Natural ‘‘Central’’ corn— 
AS lodgded 4. 25508 Patek? 2 PE 50- 58 | 18.6-19.9 |21.0- 32.0 28-66 | 90. 6-96. 4 | 51.5-53.5 
Msidischargedhosssteecee occ see ee 67-140 | 18. 6-20. 2 |25.5- 52.0 0-79 0-94.6 | 47.0-53.8 
Hold No. 3: 
Natural ‘‘Central’’ corn— 
WsHoaded) 4-85.22 5-245 22 eee 50- 63 | 17.6-19.2 |22.0- 30.0 35-62 | 91.7-97.2 | 52.0-54.0 
Aeidischarcved ess: = 2ee cee ec amcsic 55-136 | 18.8-25.8 |25.5- 79.0 0-77 0-89.8 | 42. 5-52. 0 
Natural ‘‘Southwestern’’ corn— 
INSVIKO GK 0 Layo lean ae Seen ee eee 59- 59 | 13.9-15.1 |22.5- 30.0 77-88 | 94.6-98.9 ! 52.5-53.5 
Asidischangved (2 2 ate a cac ss 68- 94 | 14.9-16.4 |23.5- 26.5 49-82 | 96.3-97.8 | 52. 5-52.5 
~Hold No. 4: 
Natural ‘‘Central’’ corn— 
INS Oa deen one ees =. eo aoe 59- 59 | 18.8-18.8 |28.0- 28.0 56-56 | 95.9-95.9 | 53.5-53.5 
NSidischargeds. 2 -3.c6 400 = see 144-148 | 17.8-46.2 |38.5- 60.5 0- 0 O- O| 48.5-48.5 
Dried ‘‘ A’’ corn— 
ENS HOAM eG nets 5 ok eR a ene 62- 62 | 14.9-14.9 |22.0- 23.0 49-51 | 96.7-97.4 | 53.5-54.0 
AS discharged’. sce nseoee eee se 79- 80 | 15. 7-17.1 |27.0- 28.0 33-59 | 90.6-94.1 | 51.0-51.5 
Dried ‘‘ B’’ corn— 
NSM Ade Gis 7S 2-3 ere ee, pagent 62- 67 | 15.8-17.2 |23.0- 32.0 22-45 | 77.6-94.1 | 50.0-53.5 
As dischargediis. 2.) Ae ee 74-144 | 14.5-25.1 |27.5- 49.0 0-25 0-88.9 | 48. 5-52.8 


Considering all the factors for each lot of corn, it is seen, as far 
as the three factors of moisture, acidity, and germination are con- 
cerned, that the natural ‘‘Central’’ and dried ‘‘B”’ lots were both 
poor in quality and condition when loaded. The natural ‘‘South- 
western’? and the dried ‘‘A”’ corn were both in good condition, 
having a low moisture content, and were likewise better than either 
of the other two lots in the factors of acidity, germination, sound 
kernels, and weight per bushel. 

As brought out somewhat in detail in the following discussion, there 
was a close relation between the soundness and condition of the corn 
at the time of loading and its behavior during the voyage. 


TaBLE 2.—Condition of the natural “ Central,’’? natural “Southwestern,’’ dried “ A,”’ 
and dried ‘‘ B’’ corn as loaded. 


Mois- Dirt 


Sam- | Tem- F : Badly | Weight 
Hold. ple | pera | Con | ity.) |mation (kemnels.|foraren |ProKen| per 
No. ture. penite aati tor kernels.| bushel. 


Per ct. | Per ct. | Per ct. | Per ct. | Pounds. 


TID, || JEGP (olin || G5 Os 

1 18.5 24.0 56 94.2 1.1 5.1 52.5 

2 18.5 25.0 59 95.6 6 3.0 52.0 

3 18.8 DO | peletererscye 98.7 .0 3.0 52.0 

Hold 1, natural ‘Central’ 4 || 59 5g 18.6 25.0 72 96. 2 .3 3.6 52.0 
COUN E SO-Se Se Serene sy eee eee ame 5 18.5 28.5 67 96.3 22 2.9 53.0 

6 18.5 26.5 60 90.6 4 2.9 52.5 

7 18. 4 25.0 66 96.1 8 3.2 53.0 

8 19.3 26.5 45 85.2 | -O |} 3.5 50.5 
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TaBLE 2.—Condition of the natural ‘‘Central,’’ natural ‘‘Southwestern,’’ dried ‘‘A,’’ 
? ? 


and dried ‘‘B’’ corn as loaded—Continued. 
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TaBLE 3.—Average condition of the four lots of corn as loaded. 
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TEMPERATURE CHANGES DURING THE VOYAGE. 

The first readings of the resistance thermometers were made on 
March 8, just after the ship left the dock at the beginning of the 
voyage. With the exception of a few stormy days, readings were 
made for 25 days thereafter, or until April 2, the day after the ship 
arrived at Copenhagen. ‘The manner of reading the temperatures of 
the electrical resistance thermometers is illustrated in figure 2. The 
temperature of the corn at the time of loading varied from 50° to 67° 
Fahrenheit. During the voyage much of the corn became very hot. 
The changes in the temperature of the corn varied considerably in 
the different positions of stowage and were influenced by the quality, 
condition, and tem- 
perature of the corn 
when loaded, the boil- 
er heat, the air and 
water temperatures, 
and the position of 
stowage in the ship 
with reference to 
height from the bot- 
tom of the holds. 

The air and water 
were generally of 
about the same tem- 
perature, save during 
the latter part of the 
voyage, when the air 
was usually colder 
than the water. The 
water temperature Fig. 2.—P.eading the temperature of an electrical resistance thermome- 
varied considerably Fe gee cree’ 
at different stages of the voyage, depending on whether the ship was 
in harbor, the Gulf Stream, the arctic current, or in the North Sea. 

INFLUENCE OF WATER TEMPERATURE. 

The outside walls of the ship consisted of plates of steel, against 
which the outside layers of the corn rested without any protection. 
Steel being a good conductor of heat, the temperature of the corn 
stowed contiguous to these walls was nearly the same as that of the 
water, as is shown by the temperature records of thermometer Lie 
figure 5, and thermometer 31, figure 8. The temperature of the corn 
located a little further in was less affected, as is shown by the temper- 
ature records of thermometer 4, figure 3, thermometer 7 , figure 4, and 
thermometer 29, figure 6. The influence of the water temperature 
gradually decreased with the distance from the sides. The same 
relation existed with reference to the temperature of the corn located 
in the bottom of the holds, but not to the same extent as along the 
sides because of the air space in the ballast tanks and also because 
the bottoms of the holds were covered by a wooden flooring. 
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TaBLE 4.—Condition of the natural “ Central,’’ natural “ Southwestern,”’ dried “ A,”’ 
_and dried “B’’ corn as discharged in Denmark—samples taken in order in the holds 


from top to bottom. 
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TEMPERATURE CHANGES IN TOP AND BOTTOM OF HOLDS. 


With reference to the temperature changes in the corn located in 
the upper part of the holds as compared to the temperature changes 
in the corn in the middle and bottom parts, it will be seen in figures 
3 to 6 and Tables 7 and 8, that the corn in the upper part of the holds 
began to heat first and had the highest temperatures at the end of the 
voyage. The corn 
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imtuences. “suchas 27 Z08 
the temperature of 
the sea water, which 
affected the corn 
stowed near the sides 
of the ship, and the 
heat from the boilers, 
which was transmit- 
ted through the boil-  2##z, 
er-room bulkhead. Bef 
Thus, in the natur- ae 
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al ‘“‘Central’”’ corn in 
Fig. 3.—Hold 1: A, temperature records of the electrical resistance 
hold 1 (thermometer thermometers; B and C, location of the (1) resistance thermome- 


No. 1 fig. 3) the tem- ters in the hold; (2) samples secured in Denmark; (3) the damaged 


corn as discharged in Denmark. (Cargo No. 1.) 
perature of the corn 


in the top portion began to increase from the beginning of the voyage 


and had a temperature of 142.5° F. at the end of the voyage, which was 
an increase of 83.5° F.; while the corn located about one-third of the 
distance down in the hold (thermometer No. 2) did not begin to show 
a rapid daily increase until about the thirteenth day out, and had a 
temperature of only 103.5° F. at the end of the voyage, an increase 
of 47.5° F. The corn in the bottom layer had a temperature of only 


55° F. at the end of the voyage, as shown by the temperature record 
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for thermometer 4, figure 3. The corn in this position did not be- 
come hot and actually showed a lower temperature at the end of the 
voyage than during the middle of the voyage, because of the influence 
of the water temperature. The same order prevailed in the natural 
‘Central’? corn in the other holds in which it was stowed, although 
the temperature in each relative position varied somewhat in the 


various holds. The 
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during the voyage for 
reasons explained else- 
where. 

The upper portion 
§ of the dried ‘‘B” corn 
: immediately under the 
4 dried “‘A”’ lot in the 
forward part of hold 4 
(sample 115, fig.6) had 
a temperature at the 
end of the voyage of 
135° F., as against 
113° F. for the corn in 
the bottom of the hold 
(thermometer record 
23, fig. 7). Vhisssame 
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_ Fie. 4.—Hold 2: A, temperature reccrds of the electrical resistance 


SAREE SE relation held true for 


the. .dried.<"B? eorm 
located under the after 


thermometers; B and C, location of the (1) resistance thermome- 
ters in the hold; (2) samples secured in Denmark; (3) the damaged 


corn as discharged in Denmark. (Cargo No. 1.) hatch, as 18 shown by 


: the temperature rec- 
~-ords of thermometers 21, 22, 26, and 29, and also for the corn located 
~_against the boiler-room bulkhead, alinouah the latter was affected 
ig by the heat from the boilers. The above condition is almost invari- 
ably true in all cargoes containing heating corn. 


INFLUENCE OF BOILER HEAT. 


The heat generated in the boiler room exerted considerable in- 
fluence on the temperature of the corn stowed contiguous to the boiler- 
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room bulkhead. As hot air always moves upward and cold air down- 
ward, this influence would naturally be expected to affect the corn 
stowed against the upper part of the boiler-room bulkhead more than 
that which was stowed against the lower part, which proved to be the 
case in this shipment. That part of the dried “B” corn which was 
located against the upper part of the boiler-room bulkhead increased 
in temperature at a 
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of the voyage than 
the corn in any other 
position in the ship. 
The temperature of 
all the corn stowed 
along this bulkhead 
registered under 65° 
F. at the time of 
loading. From early 
morning until 4 
o’clock im the after- 
noon of the day of 
sailing, March 8, the 
ship’s boilers were 
under pressure of 
steam, and consider- 
able heat was gen- 
erated in the boiler 
room. In this short 
time the tempera- 
ture of the corn 
located against the 
upper part of the 


bulkhead had _ in- ge ee 
| 
creased to 76° F., as ; : 
Fig. 5.—Hold 3: A, temperature records of the electrical resistance 
shown by the tem- thermometers; B and C, location of the (1) resistance thermometers 
in the hold; (2) samples as secured in Denmark; (3) the damaged corn 
perature record o 
as discharged in Denmark. (Cargo No. 1.) 
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thermometer 18 in 
figure 6, while the corn at the same height in the hold, not more than 
8 feet away from the bulkhead, was only 62° F., as is shown by tem- 
perature record of thermometer 22. Hight days later the corn against 
the upper part of the boiler-room bulkhead had increased to 102° F., 
while the temperature of the corn located only 8 feet away was only 
65° F. From March 17 to 19, inclusive, the weather was stormy, and 
no more readings were made until March 20, 12 days after sailing, by 
which time the temperature of the corn along the upper part of the 
bulkhead had increased to 118° F., a total increase of over 53° F., 
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and the corn stowed 8 feet away from the bulkhead had increased to 
80° F., or an increase of only 18° F., but during the next few days the 
temperature of the corn in the latter position increased very rapidly. 
When the ship arrived at Copenhagen on April 1, the temperatures 
of the corn stowed against the upper, middle, and bottom parts of 
the boiler-room bulkhead, as is shown by the temperature records 
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Fia. 6.—Hold 4: A, temperature records of the electrical resistance 
thermometers; B and C, location of the (1) resistance thermometers 
in the hold; (2) samples secured in Denmark; (3) the damaged corn 


as discharged in Denmark. 


(Cargo No. 1.) 


for thermometers 18, 
24, and 27, were 140°, 
118°, and .75°ais, me] 
spectively, as against 
122°: and. 59°: KH. ter 
the corn stowed 8 feet 
from the bulkhead 
and the same height 
as the upper and 
lower positions (there 
was no record for the 
middle position) as is 
shown by the tem- 
perature records for 
thermometers 22 and 
29. Note that the 
corn near the boiler- 
room bulkhead had 
a higher temperature 
by 18° F. in the upper 
position and by 16° 
F. in the lower posi- 
tion than the corn 
located at the same 
height but 8 feet from 
the bulkhead. 

After the ship was 
docked at Copen- 
hagen, the fires were 
put out under the 
main boilers and the 
effect was quite no- 


ticeable on the corn located near the boiler-room bulkhead. The next 
day, April 2, the temperature of the corn located against the upper part 
of the bulkhead had decreased 5 degrees as against no decrease for the 
corn the same height only 8 feet away, the temperatures for these two 
positions that ioe being 135° and 122° F., respectively. The tempera- 
ture of the corn-against the middle of the bulkhead (thermometer 24), 
about half way to ane bottom, was 102° F., on April 2, a decrease of 16 


17 


degrees from the previous day, and the temperature of the corn against 
the unprotected part of the boiler-room buikhead at the extreme side 
of the hold (thermometer 25) was reduced from 95° F. on April 1 to 
82° F. on April 2, a decrease of 13° F. During the voyage the tem- 
perature of the corn in the last-named position was affected by both 
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the heat from the 
boilers and the water A ee CSE ey 
temperature ERY 22 29 06 25 25 07 20 09 30 DT 
. 4, [o4] 
In connection with % EEE pobees 
the temperatures of _” <a5 
the dried “B” corn in 4’, id 
N 
hold 4, in the different ‘ 20 
positions of stowage i 
at the end of the voy- 1 


age, itis interesting to 
note at what stage of 4, 
the voyage the first 
rapid increase in tem- 
perature began. The 
corn which was stowed next to the upper part of the boiler-room 
bulkhead (thermometer 18) showed a rapid increase from the begin- 
ning of the voyage; next the temperature of the corn in the top 
layer, immediately under the after ventilator, began to increase 
rapidly about March 16. At this time in the voyage the ship en- 
countered cold air and the vapor escaping from the heating corn began 
to condense in the ventilator and fall back on the corn as water. The 
upper layer of corn a short distance from the boiler-room bulkhead 
began to increase rap- 


Fia. 7.—Diagram showing temncrature records for the corn stowed 
in the forward part of hold 4, 


PUSE/SE/PPT NORFOLA NORTH COPEN- 


AIVER scor.Ano AGEN 


$e rer ALLL, 
§ 9701 Ba 14. 15 16 17 18 eo 525 07 B23 Bt 25 26 272829 9OW / 2 
G 


ATLANTIC OCEAN 


Lae 


TY 


TEMPERA 


= minal sao San 
~petaaeet eee 
ACCU Zee LIAL 


SPC NR 


Fia. 8.—Diagram showing temperature records for miscellaneous 
electrical resistance thermometersin hold 4. (Cargo No. 1.) 


idly in temperature 
about March 20 and 
that stowed along the 
middle part of the 
boiler-room bulkhead 
about March 23. 


CONDITION OF THE CORN 
AS DISCHARGED. 


When the hatches 
were opened in Den- 
mark, the corn in all 
of the holds gave off 


moisture in the form of vapor in great volume, as is illustrated in fig- 
ure 9, which shows the formation of a dense fog as the result of the 
warm moisture laden air from hold 4 coming in contact with the cold 
outside air. When the cargo was discharged it was found that much 
of the corn had undergone severe deterioration during the voyage. 
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The detailed analyses of the samples taken from the corn as dis- 
charged are shown in Table 4 and the average condition of each lot 
of corn as discharged is shown in Table 5. 


TABLE 5.—Average condition of the four lots of corn as discharged in Denmark. 


Mois- Dirt : 
Tem- . : . Badly | Weight 
Kind of corn. Hold. | pera- ture Acid- Germi-| Sound | and broken] per 
aan con- ity. |nation.|kernels.| foreign kennels a bianel 
: tent. matter. shee 3 
SF Per ci c.c. | Perct. | Per ct. | Per ct. | Per ct. | Pounds. 
1 9 19.1 35.5 42 pear: ey 4.5 50.7 
2 96 19.4 33.5 29 4.0 4.2 50.2 
Natural “Central”’..........- 3 90| 19.7] 34.6 35 | 50.9 By as 49. 4 
4 1146 17.8 49.5 0 0 2 4.8 48.5 ; 
eS a ae | ata | See ee Se a | Pree ee - 
Notal natural ‘Central? ea 195 19.4 35.0 33 54.0 .6 4.0 49.9 ? 
Natural “Southwestern”... . 3 78 i 7/ 24.7 70 96.9 8 5.4 |- 52.5 
Maotaltdrie Gd eAC2 ee eee 4 80 16.4 27.8 48 | 92.4 9 ae 51.3 
Mota Grieder 4 119 | 215.7 40.8 4 17.4 9 5.7 ~ 60.8 
1 Sample 108 not included. 2 Sample 111 not included. 


Fig. 9.—Moisture from heating corn escaping from a ventilator and from an open hatch at the end of the 
voyage. (Cargo No. 1.) 


Jt will be seen from Table 4 that the natural ‘‘Central” corn which 
had an average moisture content of 18.7 per cent and an average 
acidity of 26.6 c. c. at the time of loading, was badly damaged in 
the upper part of all holds at the time of discharge. The corn was 
hot, discolored, very sour, and badly affected with molds. As is 
shown in figures 3 to 6 and Table 4, the degree of damage, as well 
as the temperature of the corn, gradually decreased toward the bot- 
tom of the holds, where the corn was not discolored, but was notice- 
ably sour and more or less affected with molds. The damaged and 
packed condition of the corn in the upper part of holds 1 and 2 at 
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time of discharge is illustrated in figure 10. The corn in hold 1 did 
not entirely fill the hold, and the top of the corn was covered with a 
heavy growth of sprouted corn, as is shown in figure 12. 

The comparison of the average condition of each lot of corn, as 
loaded and as discharged, is given in Table6. As shown in this table, 
the natural ‘‘Southwestern” corn in hold 3, which had an average 
moisture content of 14.7 per cent and an average acidity of 25.8 ¢. c. 
when it was loaded, arrived in practically the same condition as when 
loaded, although the natural ‘‘Central”’ corn stowed both immediately 
above and below it was hot and damaged and badly packed, as is 
illustrated in figure 5. The natural “Southwestern” corn ‘‘run” 
freely during the discharge, thus leaving overhanging walls of natural 
“Central” corn, these overhanging walls at times projecting as much 
as 2 feet or more. 

TABLE 6.—Comparison of the average condition of the natural ‘ Central,’’ natural 


“ Southwestern,’’ dried “ A,’’ and dried ‘“‘ B’’ corn as loaded, with the average condition 
of each lot as discharged in Denmark. 


l 


Dirt 
Mois- and : 
Kind of corn. Condition of Tem- ture | Acid- Ger- | Sound for- Badly | Weight 
Hold. yan oes || DELET Nae || mina-| ker- ei broken | per 
ture. | tent. Y- | tion. | nels. ee kernels. |bushel. 
ter 
OTH WIP hal) Cs Gs IPs GighIPa Gis |I25 Gil IPs Gas |b TES. 
1 { loaded. .... 56 | 18.6 | 25.2 61 | 94.1] 0.5 3.4 52.2 
1 | Discharged.. 96 | 19.1 | 35.5 42) 54.4 1.0 4.5 50.7 
2 | Loaded. .... 55 | 18.9 | 26.8 46} 94.2 5 3.4 52.4 
2 | Discharged.-| 96 | 19.4 | 33.5 29 | 64.0 4 AS, 50.2 
Natural ‘“‘Central”_......-- 
3 | Loaded. .... 55 | 18.6 | 27.2 51 | 94.6 3 2.8 E71 
3 | Discharged... 90 | 19.7 | 34.6 35 | 50.9 5 3.5 49.4 
4 | Loaded...... 59 | 18.8 | 28.0 56 | 95.9 =5 3.2 53.5 
; 4 | Discharged..} 1146 | 17.8 | 49.5 0 0 2 4.8 48.5 
é a ice $ Loaded.....) 55 |18.7|266| 51| 94.4| .4| 3.1{ 52.5 
Total natural “Central”. za ae Discharged..| 195 | 19.4!35.0| 33! 54.0] .6| 4.0] 49.9 
4] << : ) | 3 | Loaded. .... 59 | 14.7 | 25.8 rob li Gl 9 11583 6.2 53.0 
Natural “Southwestern”... { 3 | Discharged..| 78] 15.7|24.7| 70| 96.9| .8| 5.4 52.5 
Dried “A” { 4| Loaded.....) 62] 14.9] 22.5] 50] 97.0] .6} 4.6] 53.5 
URSA one eer 4 | Discharged..| 80 | 16.4 | 27.8 48 | 92.4 9 Uot/ 51.3 
aa 66) 4 | Loaded. .... EN asi 1) 24/65) 32 88.7} 3.4 6.2 52.5 
Dried “B”...-...-2.....2-- { 4 | Discharged..| 119 |*15.7| 40.8 Ae yale eg BZ 50.8 
1 Sample 108 not included. 2 Sample 111 not included. 


Figure 6 and Table 6 show that the dried ‘‘A”’ corn in hold 4, 
which had an average of 14.9 per cent of moisture and an average 
acidity of 22.5 c. c. when it was put on board, also arrived in Den- 
mark in practically as sound a condition as when it was loaded, 
notwithstanding that both the ‘Central’? corn, which was stowed 
immediately above it, and the dried ‘B”’ corn, just beneath it, was 
hot and badly damaged. Figure 6 and Table 6 also show that the 
dried ““B” corn in hold 4, which had an average moisture content 
of 16.3 per cent and an average acidity of 27.5 c. c. at the time of 
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loading—the highest acid content of any lot in the shipment—was 
hot and badly damaged throughout when discharged with the 
exception of a small quantity along the bottom in the afterpart of 
the hold, which was not hot but was badly packed, sour, and affected 
with molds. This dried “‘B”’ corn was so badly packed that it formed 
perpendicular walls from the top to the bottom of the hold (about 
20 feet) when it was being discharged, as is illustrated in figure 11. 


“SWEAT” AND SPROUTED CORN IN THE HOLDS. 


When the cargo arrived in Denmark the top layer of corn in hold 
1 was sprouted as is shown in figure 12, the sprouts in many instances 
measuring 8 inches 
and more in length. 
This hold, which 
was not entirely fill- 
ed with corn, was, 
as already stated, 
the only hold in 
which there was a 
free circulation of 
air from the forward 
to the after ventila- 
tors. This free cir- 
culation of outside 
air over the corn 
supplied the neces- 
sary oxygen and 
kept the top layers 
of kernels cool 


enough through 
Fig. 10.—Damaged corn in the upper part of hold 2 at time of dis- evaporation to 


charge. (Cargo No. 1.) : 

germinate. The 
necessary moisture needed for germination, in addition to the moisture 
present within the kernels, was supplied by the ‘‘sweat’’ dropping from 
the deck above. In other holds in which the circulation of air was 
impeded there was only a very slight amount of sprouted corn, the 
sprouted kernels being found only under some of the hatch beams. 
The air was very “heavy” in these holds due to the oxygen having 
been used up and replaced by carbon dioxide. 

What is known as ‘‘sweat”’ in a corn cargo 1s water that has con- 
densed on the underside of the cooler deck or on the sides of the 
ship when the temperature on the outside of the hold is lower than 
the temperature on the inside. This “sweat’’ on the underside of 
the deck falls back onto the corn in the form of water, as illustrated 
in figures 13 and 14. In the rolling and pitching of the ship, most of 
the ‘sweat’? on the underside of the deck works its way to the deck 


a 
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beams and from there it falls onto the corn where it supplies the 
necessary moisture for germination or fermentation as the case may 
be. The sprouted corn immediately under those beams in hold 1 
showed a much more vigorous growth than at other places. During 
the voyage the moisture from the heating corn could be plainly 
seen escaping from the ventilators and especially from the after 
ventilators in hold 4, shown 
in figure 9, where it was first 
noticed on the sixth day out 
when cold air was encoun- 
tered which condensed the 
excess moisture in the warm 
air from the hold into fog. 


MOISTURE TEST ALONE NOT SUFFI- 
CIENT TO DETERMINE CARRYING 
QUALITY OF CORN. 


The moisture test alone is 
not sufficient to determine 
the carrying quality of corn, 
there being other factors 
which must also be consid- 
ered. Based on the mois- 
ture test alone, the dried 
‘“‘B”’ corn stowed in the bot- 
tom part of hold 4 should 
have been in better condi- 
tion at the end of the voyage 
than the natural ‘‘Central’’ 
corn in the bottom of holds 
1,2, and 3, which at the time 
of loading had an average of 
2.4 per cent more moisture 
than the dried “B” corn. 
The condition at the end of 
the voyage of these two lots Fic. 11.—Perpendicular wall of hot and damaged dried “B’”? 
of corn, however, proved to corn in hold 4 at time of discharge. (Cargo No. 1.) 
be the reverse, and the explanation of it is that although the 
dried “B” corn contained on an average less moisture than the 
natural “Central” corn, the dried “B’’ corn was less sound as 
shown by the acidity test. The combination of a comparatively 
high moisture and high acid content caused the dried “B” corn in 
the lower part of the hold to become hot during the voyage. As 
will be seen by thermometer 23 (fig. 7), which was located near the 
forward bulkhead in the bottom of hold 4, the temperature of the 
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corn at that point was 113.5° F. at the end of the voyage, as against : 
a temperature of only 67° F. for thermometer 13 (fig. 5), in hold ; 
3 located in the bottom portion of the natural ‘Central’ corn only | 
a short distance from thermometer 23. 


Le eae NS a ened 


Fig. 12,—Illustrating the sprouted condition of the surface layer of cornin hold 1 when the cargo 
arrived in Denmark. (Cargo No. 1.) 


The difference between the keeping qualities of corn contain- 
ing a high moisture content and showing a high acid test and 
of corn in which these two factors are low was illustrated in 


Fig, 13,—Showing where “ sweat’? had dropped from the underside of the deck onto the 
bags of corn in the upper part of the hold. (Cargo No. 1.) 


holds 3 and 4. In hold 8 the natural ‘‘Southwestern”’ corn, 
which at time of loading was lower on an average by 4 per 
cent in moisture content and by 0.8 c. c. in acidity than the nat- 
ural ‘‘Central”’ corn in the same hold, remained sound, while the 
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natural ‘‘Central”’ 
corn surrounding it 
became badly dam- 
aged. Also, in hold 
4 the dried ‘‘A’’ corn, 
which at time of load- 
ing was lower by 1.4 
per cent in moisture 
and by 5c. c. in acid- 
ity than the dried 
“‘B”’ corn, remained 
sound, while the dried 
‘‘B”’ corn in the same 
relative position of 
stowage as the dried 
‘“A”? corn became 


Bagierd Fig. 14.—Mlustrating the results of “sweat” on the top portion of the 
adly amaged. corn under the hatch in hold 3. (Cargo No. 1.) 


| GARGO No.1 


ACIDITY -C.C. 


CORRELATION OF THE 
CHANGES IN TEMPERA- 


Ss, 


Q TURE AND THE CHANGES 
= IN ACIDITY, GERMINA- 
x TION, MOISTURE CON- 
t TENT, AND TEST WEIGHT 
3 PER BUSHEL. 

3 The comparison of 
” the average condi- 
: tion of the natural 
. “Central,” natural 
Q “Southwestern,” 
5 7 dried ‘‘A”’ and dried 
t | SOUND KERNELS~% | “B” corn in each 
> sora Se Bat NaN ae Ta OER hold; also the com- 
« parison of the aver- 
ny ages for the total 
< ; corn of each lot at 
KR WEIGHT PER BUSHEL2Lbs| the time of loading 
3 £5 5 with the averages at 
7 time of discharge in 
B Denmark are shown 


in Table 6. The ay- 
erage condition of 
WE = CONDITION OF THE CORNAS DIScHARGED the corn in each lot 


in the top third, 
Fig. 15.—Correlation of the temperature and condition of the corn as ; = 
loaded and as discharged. (Cargo No. 1.) middle third ? and 
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bottom third of holds at time of discharge in Denmark is shown in Ta- 
ble 7, and the condition of the individual samples that were put into 
the crossed wire containers at the time the corn was loaded compared 
to the condition of each at the time when the corn was being dis- 
charged is shown in Table 8. It will be seen from these tables that, 
with a few unimportant exceptions, there was on an average quite a 
noticeable change in the acid content, germination, percentage of sound 
kernels, and weight per bushel during the voyage corresponding 
quite closely with the changes in the temperature in each lot of corn 
and in each position of stowage. As is seen from Table 6, the acidity 
was generally greater, while the weight per bushel and percentages 
of germination and sound kernels were generally less at the end of 
the voyage than at the beginning, the greatest differences being 
apparent in most cases in the corn which had increased the most 
in temperature, as is shown in figure 15. 


TABLE 7.—Average condition of each lot of corn in the top third, middle third, and bottom 
third of holds as discharged in Denmark. 


| 


. 1 5 a 1 : c 4 

5 | 8 ear ee ces! es 

Place of dees ‘ = S |os| £3 = 

Kind of corn. stowage sien lets ioe a +s =I 8 = a od 

in hold. SWS eS | z es ees 

Fo [Sale Saleen see ee 

a |S 4a |/o]a }/Aas!| a = 

Natural ‘“‘Central”’ corn: COUPE IE Gia\" Gs Gs IP2@r|| IP. GE IE Gs || 12 oe Lbs. 
Upper third...} 132 | 19.2 | 53.4 29.5] 0.5 3.0 47.9 
OG eee eee Middle third - - 93 | 18.8 | 27.4 46 57.4 1.4 5. 4 50. 8 
Bottom third. 64 | 19.2 | 25.8 ooo Osa Nak Denk 53.4 
pper third...) 128 | 19.9 | 42.2 0} 27.9 -5 3.0 47.4 
13 (0) (6 We Gn aaee a seee Middle third. . 92 | 19.0 | 31.0 20 U5 58 397 50. 9 
Bottom third-| 67 | 19.3 | 27.4 67 | 86.7 4 6.4 5253 
Tpper third...] 127 | 20.0 | 44.6 Se 21e8 <5 2.6 45.6 
Hold ges ie ee ere JMiddlethird..| 81! 19.7] 32.4! 38] 53.0! .7] °4.5 50. 8 
Bottom third. 63 | 19.4 | 26.9 63 77.9 503 3.4 51.8 
18 Io) RZ Re ree Oe eee ee Upper third...|1 146 | 17.8 | 49.5 0 0 A) 4.8 48.5 

Total natural “Central,” natu- 
tral ‘‘Southwestern,”’ dried 
“A” and dried “‘ B”’ corn: 
Natural “Central”? == <.-=-<- 1131 | 19.6 | 46.3 Sale 22e9 35 3.1 47.0 
ie daseA C2 rain se con ane Upper third... 80 | 16.4 | 27.8 48 | 92.4 .9 “% 5k 3 
Dyers EB ee ee oe 137 |715.3 | 42.5 0 Oaltratee2 6.5 51.8 
Natural “Central” .....-..-- 88 | 19.2 | 30.7 34 | 62.5 ot 4.3 50. 8 
Dried eb ee ee ee Middle third. -.|{ 119 | 15.9 | 44.8 5 11.3 =o 5.4 50. 2 
Natural “Southwestern ’’.. . 78 | 15.7 | 24.7 70 | 96.9 -8 5.4 52.5 
Natural “‘Central”’......--- : lf 64 | 19.3 | 26.8 66 80. 5 as 4.8 52. 4 
ited be ee \Bottom —— i 102 |75.9/35.1| 8] 408| 1.0] 5.1] 503 
1 Sample 108 not included. 2 Sample 111 not included. 


THE HANDLING OF THE CORN AS DISCHARGED. 


Much of the corn was so badly damaged that the marine leg could 
not be used to discharge it. All of the dried ‘‘B”’ corn in hold 4 
on account of its packed condition had to be discharged by use of 
buckets or bags and winches. Discharging corn with bags or buckets 
is a slow process and necessitates much extra labor and time, thus 
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allowing any hot corn that the cargo may contain to become more 
severely damaged and also giving time for the damage in the affected 
location to spread to the surrounding sound corn. 


Fic. 16.—Hot corn from the cargo piled on the open quay being conditioned by hand shoveling. 
(Cargo No. 1.) 


TaBLE 8.—Comparison of the condition of the corn samples in crossed-wire containers 
as loaded and as discharged. 


3s | 4 d As te Saal | 
5 5 = F 2 A Location of 
sys s ; Lo} 10n O 
Kind ofcorn. | Comdition of Beta aol ie 8 a ie a aa sample in 
corn as— : Bele On 3 ¢ cs) g as hold 
© = ‘4 aS = g Aap Bo ; 
° o ° oO o 3 “so vo 
ae esi ee ed Sel cae | On 
290, WIP Gis |) Os Os IPAS || 125 Cis WIES@a le Jo109 
Loaded....-| 1| 59 | 18.5 | 28.5 | 67.0| 96.3] 0.2| 53.0 \19 
Discharged... peal) | eee | PANO de O On rier es hen P 
aaded= 2st Jaa ¥53)F18- 85| 2109). 5-.-- 98.7 0} 52.0 |\5 feet down 
Discharged.. 1 68 | 19.3 | 28.5 | 18.0] 89.7 -4 | 49.0 near outside. 
Loaded....-. 1 56 { 18.5 | 26.5 | 60.0 | 90.6 -4] 52.5 |\16 feet down 
Discharged... 1 | 104 | 17.8 | 35.0 0 0 APA | See oce near outside. 
Loaded....- 2| 50 | 19.2 | 21.0| 42.5| 95.6| .4] 520 
Natural “Central”’.\\Hiccharged..| 2| 89 |....-. F7sOult 2340) | 8800)llh a cad ees ee \10 feet down. 
Loaded... -- 2 50 | 18.9 | 28.5 | 36.0} 95.5 sn eee hers 
Discharged..| 2| 88 | 19.2/34.5| 8.0| 63.0] .2\|........ \i3 feet down. 
Loaded---../ 3 || 50] 18.7 | 22.0: 52.0] 96.1) 1] 58.5 [\m, 
Distharged..| 3] 129 | 18.8 | 42.0 0 One een See Ss. Bes P 
Loaded.....| 3 | 59|18.5|285/|38.0| 95.2| .4] 53.0 
Discharged... 3! 119|19.1!'38.0] o! g3.4| 11/........ \4 feet down. 
Natural “South- |fLoaded.....| 3] 59 | 15.1 | 25.0] 87.0| 97.7] .4] 53.5 
western.”’ Discharged. . 3 94 | 14.9 | 26.5 | 49.0] 96.6 eerie s seer \10 feet down. 
Loaded.....| 3] 55|18.0| 26.0] 62.0| 91.7] .4| 52.5 
Natural ‘Central’. iran ee 3| 67|1891|28.0|63.0| 684] .2|........ \Bottom, 
Dried “B” Loaded..... 4 OG MONON E28. Sos Olle Oltsrilnole2)neoo-0) \\ Lop; under 
---"*----!\ Discharged. . 4) 144 | 25.1 | 49.0 0 0 sills | atecctats ae ventilator. 
: Loaded..... 4| 62 | 14.9 | 23.0] 49.0] 97.4] 1.0] 54.0 
Dried “A”.......-- taieeusaas Aa\) 79) | 15.7 102855)|59:0'|1 90:6 | 1.6 | 51.0 \Top. 
é Loaded..... 4| 67 | 16.8] 25.0] 37.0] 90.7 71 53.0 | 
Dried “B”.......-. Discharged..| 4] 114 |...... 35.0| 0 0| :9| 48.75 |Bottom. 
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It was necessary to begin treating all of the damaged corn almost 
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The heavy shading represents heat-damaged corn as discharged. 


Via. 17.—Diagram showing arrangement of the steamship and stowage of the corn in the holds, 


(Cargo No, 2.) 


immediately after it was discharged from 
the steamship. Some of the corn from 
the bottom of the three forward holds 
which was in fair condition when dis- 
charged, ‘‘went out of condition”’ and be- 
came hot within a short time after being 
landed, and this also had to be handled 
at once. The damaged corn from this 
cargo was ventilated by hand shoveling, 
each shovelful being thrown into the air 
in such a manner that the kernels became 
separated and fully exposed to the air. 
Figure 16 shows how a part of the hot 
corn from this cargo, which was piled on 
the open quay, was treated to stop the 
process of fermentation. 


CARGO No. 2. 


Cargo No.2 consisted of 211,064 bush- 
els of corn, of which 30,500 paenee had 
been artificially dried. The corn was 
loaded, February 27, 28, March 1, and 2 
1911. The vessel sailed March 3 and 
arrived at Aalborg, Denmark, April 3, 
where 88,827 bushels of the corn were dis- 
charged from April 5 to 11. The steam- 
ship was then taken to Copenhagen, Den- 
mark, where the remaining 122,237 bush- 


els in the cargo were discharged, the last — 


of the corn being taken out on April 20. 
The maximum time that any of the corn 
was in the vessel was 53 days, the aver- 
age time for the Aalborg lot being 39 days 
and for the Copenhagen lot 47 days. The 
length of the ocean voyage to Aalborg 
was 33 days and to Copenhagen 40 days. 


STOWAGE OF THE CORN. 


The steamship had five cargo xolds. 
As is shown in figure 17, holds Nos. 2, 3, 
and 4 were entirely filled with corn, while 
holds 1 and 5 were each filled only to the 
main deck, leaving an air space of about 


8 feet on top of the corn in the central or “trunk” part of the holds. 


; MASA MATLle Sk, aay a - 
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The dried corn was stowed in hold 3, and the natural corn in holds 1, 
2, 4, and 5. 

Holds 1 and 2 were located free from the ship’s machinery; hold 3 
was located just forward of the boiler room; hold 4 was located just 
aft of the engine room in the bottom part of which was the shaft 
tunnel, which also extended through the bottom of hold 5. 


Taste 9.—Range in the principal factors showing quality and condition of the corn as 
loaded and as discharged by holds. 


[Holds 1, 2, 4, and 5, natural corn; hold 3, dried corn.] 


: ; Weight 
7 Tempera- | Moisture «as Germina- Sound 2 
Hold. ture. content, | ““idity tion. kernels. Bee 
bushel. 
Hold 1: Or OE Per cent. Cu: Per cent. Per cent. Pounds. 
Aslosdediesie 2 Pe eee 51.0— 54.0 18. 3-19. 2 | 17.9- 19.9 61.0-77.0 93. 1-97. 0 52. 8-53. 5 
a Gischancedmessaee ase ee 59. 0-110. 0 16. 2-43.6 | 21.8- 65.7 0-75. 0 0-95. 6 46. 3-54. 0 
Told 2: 
ING OAGER IS 6 aaah 53.0- 60.0 18. 5-18. 7 | 18. 7- 19.7 45. 0-78. 0 94. 7-95. 6 53. 5-53. 8 
= ae GISCHATL Ed see se ease ese 58. 0-148. 0 17. 6-34.6 | 20.8- 75.5 0-78. 0 0-96. 6 44.0-52.8 
old 3: 
PAISOAG Cisne ee ee 65.0- 74.0 15. 2-15. 8 | 20.4— 24.1 34. 0-61. 0 85. 0-96. 5 54. 0-55. 0 
= a dischargedee a sac ate noes 74. 0-155. 0 13.0-54.6 | 23. 5-110.8 0-43. 0 0-93. 7 45. 3-54. 0 
old 4: 
AS OAM CGI 25E 5 ncn 52.0— 60.0 18. 5-19.5 | 18. 5- 24.6 58. 0-77. 0 92. 7-97. 5 52. 0-54. 5 
= Tae aischareedrasnes ene ae 59. 0-135. 0 13.6-48.1 | 21.1- 83.9 0-69. 0 0-96. 0 43. 3-53.5 
old 5: 
PSN OAC CG eae te eee 53.0- 55.0 18. 3-19. 2 | 19. 5- 22.4 62. 0-75. 0 G0. 3-95. 9 52. 5-53. 8 
Acidischarced a..25- = g-ce=. 61. 0-140. 0 11.1-18.7 | 23.1- 31.3 0-61. 0 0-95. 7 47. 8-52.0 


CONDITION OCF THE CORN AS LOADED. 


The condition of the natural and dried corn was quite uniform 
throughout in each lot at the time of loading, as is shown in Table 9, 
but there was considerable difference in the average condition of the 
two lots. It will be seen in Table 10 that the averages for various 
factors in the natural corn as loaded were as follows: Moisture content 
18.8 per cent, acidity 19.8 c. ¢., germination 66.3 per cent, sound 
kernels 94.7 per cent, and weight per bushel 53.39 pounds; while the 
averages for the dried corn were: Moisture content 15.5 per cent, 
acidity 21.9 ¢. ¢., germination 43.2 per cent, sound, kernels 93.5 per 
cent, and weight per bushel 54.42 pounds. Comparing the two lots, 
it is seen that the natural corn was the better in that it had a lower 
average acidity by 2.1 c. c., a higher average germination by 23.1 per 
cent, and more sound, kernels by 1.2 per cent, but was poorer in that 
it contained on an average more moisture by 3.3 per cent and a 
correspondingly lower weight per bushel by a little over one pound. 
TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 

DISCHARGED. 

The first temperature readings of the resistance thermometers were 
made March 1, and thereafter each day that the weather permitted 
until April 6, the day after the steamship arrived in Denmark. Ina 
few instances the readings were continued until April 15. 
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TABLE 10.—Average condition of the corn as loaded compared with the average condition as 
discharged. 
| a Moist | G is dker- Weigh 
empera- Moisture ee rermina- ound ker- | Weight per 
ture. content. Acidity. | tion. nels. te 
Kind ofcornandhold. | 3 [a :-/ cd ja-|/ cd ],-:./ 3 oe (os | ee foe hs 
3/78) 3 178) 3/381 3ee)ls deere lee 
2 |e] Slee bee dee Se ee eee ee 
n ne na mS n no a) nS wn no Zz ue 
oS a ee a et es ee 
—— ee —_——_ Se 
Natural corn: | oR | °F. | P.ct.| Pict. Ce | ee ck Plc. cheese ese ors 
Holdtl ae ae 53.0 | 73.6 | 18.6 | 18.3 | 18.7 | 25.9 | 67.2 | 44.4 | 95.3 | 80.8 | 52.95 | 51.16 
Pi Ae Scere ee 56.3 113.5 | 18.6] 18.9 | 19.4 | 35.1 | 62.2] 18.1 | 95.1 | 23.4 | 53.56 | 49.52 
4 cast ae eles | o0.6 | 95.8 | 18.9 | 18.1 | 20.0 | 29.8 | 66.9 | 25.8 | 94.6 | 54.1 | 53.50 | 49.93 
Bo Sos ees 53.8 | 88.3 | 18.7 | 18.2 | 20.4 | 26.3 | 66.8 | 29.9 | 94.0 | 72.9 | 53.35 | 50. 60 
Total naturalcorn ....--.- 54.8 | 94.1] 18.8] 18.3 | 19.8 | 29.4 | 66.3 | 28.4 | 94.7 | 66.8 | 53.39 | 50.20 
Dried corn: | | 
Le Cry UTS Weegee ie ae get 69.6 106.8 | 15.5 | 15.1 sia as a a Us pace 54. 42 | 51.86 
| | | 


Samples Nos. 43 and 46 in hold 1, 52 in hold 2, 61 in hold 3, and 64 in hold 4, were not included in the 
average as discharged. 


The temperature of the corn as loaded varied from 51° F. in the 
natural corn to 74° F. in the dried corn, the averages for the two lots 
in even numbers being 55° and 70° F. At the time of discharge, 
the maximum temperatures of the corn in the various holds were as 
say Hold 1, 110° F.; hold 2, 148° F.; hold 3, 155° F.; hold 4, 

° F.; and hold 5, 140° F, During the time that the corn was in 
e read a large proportion of both the natural and the dried corn 
became hot, discolored, moldy, and badly damaged. 

When the temperature of corn at 51° and 74° F. is raised through 
inherent causes, deterioration becomes apparent at about 90 to 100° 
F. and increases very rapidly thereafter if the temperature con- 
tinues to rise. The temperature records show that the corn reached 
100° F. in the different holds as follows: hold 1 in 35 days, hold 2 
in 14 days, hold 3 in 19 days, hold 4 in 22 days, and hold 5 in 24 days. 
This is interesting in connection with the average time that the corn 
remained in the vessel, which, as already stated, was 39 days for 
the Aalborg lot and 47 days for the Copenhagen lot. 

The wide difference in the rate at which the temperature of the 
corn changed depended on its position of stowage with reference to 
height from the bottom of the holds. Where the corn. was stowed 
free from the ship’s machinery, it changed the most and became 
badly damaged in the upper part of the holds. As is shown by the 
accompanying diagrams, the temperature and degree of deteriora- 
tion of the corn at the end of the voyage gradually decreased from 
the surface toward the bottom where the corn in all holds, excepting 
that in hold 3 and along the shaft tunnel in holds 4 and 5, was in a 
sound condition. 

The air and water temperatures during the loading period averaged 
close to 50° F. and were generally somewhat higher than the tem- 
perature of the corn for the first six days of the ocean voyage. The 
air temperature was above 70° F. for the first four days and the 
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water temperature remained above 70° F. for the first six days of 
the voyage, after which the temperature of both suddenly dropped 
and remained under 60° F. during the remainder of the voyage. 
During the latter part of the voyage the air temperature dropped to 
below 30° F. and the water temperature to nearly 30° F. 


CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 1. 


As is shown in figure 18, the temperature of the corn near the 
surface on a level with aos ane 
themaindeck changed GREE ER EEL ae caecreeeeeeercccL ere ci 
but little during the gol LL 
first 12 days, after nn 
which there was a 
steady daily increase 
until it had reached 
102° F. on April 6, or = 
35 days after the first +0 
reading was made.  ,, 
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in the hold changed 
but little in tempera- 
ture during the voy- 
age. 

Sample No. 42 in 
Table 11, which was 
taken from the surface 
of the corn, and sam- 
ple No. 1, which was 
taken from the wire 


TOP OF CORN 
/ 


: Fic. 18.—Hold 1: Temperature records of the electrical resistance 
container fastened to thermometers, location of the thermometers in the hold, and 
thermometer No. i samples secured in Denmark. Heavy shading represents heat- 

damaged corn. (Cargo No. 2.) 


show the damaged 
condition of the corn near the surface as discharged. Samples Nos. 43 
and 46, which were both badly damaged, represent only a small amount 
of corn. The first was ‘‘sweat’’-damaged and the latter sea-damaged 
from water having leaked through a small hole in the deck. 

The average condition of the corn in the hold as discharged is 
shown in Table 10. Compared to the condition of the corn as 
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loaded, it will be seen from the table that there was an average 
increase of 7.2 c. c. in acidity and an average decrease of 22.8 per 
cent in germination; 14.5 per cent in sound kernels and 1.79 pounds 
in test weight per bushel. 


TaBLe 11.—Condition of the natural corn in hold 1 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 


[T i, etc., represents samples in crossed-wire containers, fastened to resistance thermometers of thesame 
numbers; *indicates not included in the averages.] 


: | é 
Temperature. toes On 14.) Acidity. Germination. | Sound kernels. | Westin 
Sam- 
ple 5 : ; | a | 

o. | As | as dit |, 8 | Asdis- |,48 | Asdis-|,4S | asdis-|,“S | Asdis-| As | As dis- 

load- charged. load- charged. load- charged. load- charged. load- charged.) loaded. | charged. 
ed. ed. ed. ed. 

°F TN IER i th JERR Cx: CnC: P.ct.| P.ct. | P.ct.| P.ct. | Pounds. | Pounds. 
ADA eH | aki et ee S2058 maa Sts eee Ge ee es Son dl ae ee ee 47. 25 
Tet 54 102 | 18.8 16.2 | 17.9 27.4 70 39 | 97.0 40. 4 52.75 | 50. 50 
AS | eee Stl OQa eee m7 15 al sel tees ae TOD0SG |ocseceel o> oO | sae EO) [Ft  eee es 
Aaa f= — [Pree me OO ee 7 rad (Gt ea IBS ees 6959-22 eee 50. 00 
2S eae ae GOS ee 1 heS7.4mh heteeeees GRSGANAS Se 4 S55 aes ee 9328") 2 eee 50. 00 
2 o2 63 | 18.5 18.3 | 18.9 25.9 77 50 | 93.1 93.8 52215 52. 00 
F460}. 2.2 Ssh BoRem coy oh tol eee ie TAG. Ah eee Pay | pes FQ eee *46. 25 
CU ® eee (bs ae ee pero eee Oe Glee id ee Sh. Bil est ae 51.00 
Aga as (Ee) bee sears ESAT hg aS 93. is set EY ip cree 92°6.| Stic ee 51.75 
49 54 Tou Asse 18.0 | 19.1 24.1 66 75 | 94.4 95. 2 53. 50 as 
T 4 51 69 | 18.4 Sessile 79 21.8 61 54 | 96.9 94.2 Sas 50. 75 
SOR (3% Oy eae TS) |e PATS [aang B55 es 952) Ee eS ee 54. 00 
T3 | 54 59 | 19.2 18.5 | 19.9 25d 62 67 | 95. 95. 6 53. 00 52. 25 


CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 2. 


Fully three-fourths of the corn in hold 2 became hot during the 
voyage. The greatest increase in the temperature of the corn was 
at the surface and the lowest at the bottom of the hold. The corn 
at the surface, when the ship reached port on April 5, was 148° F., 
that one-third down was 115° F., that two-thirds down 85° -F., 
while that at the bottom of the hold had a tenpemrers of only 50° F. 
These facts are shown in figure 19. 

The temperature of the corn in this hold was under 60° F., in all 
positions of stowage when loaded. By March 11, 8 days after the 
steamship seiled, the temperature of the corn near the surface, as is 
shown by the temperature record for thermometer 5, had increased 
to 73° F.; during the next 8 days the temperature imcreased 58° 
and reached 131° F. on March 19; during the next 10 days to March 
29, the increase was more gradual, reaching 149° F. on that day, 
after which it remained practically stationary until the ship reached 
port, April 5. - The corn located one-third of the distance down, as is 
seen by the temperature record for thermometer 5, had increased to 
68° F. by March 14, and to 118° F. by March 29, which was the maxi- 
mum point reached before the vessel reached port. The corn located 
two-thirds of the distance down, as shown by the temperature record for 
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thermometer 7, increased gradually in temperature until 88° F. was 
reached April 5. Thermometer 8 shows that the temperature of 
the corn near the bottom did not go over 63° F. and during the latter 
part of the voyage decreased to 50° I. being influenced by the water 
temperature. 

When the hatch was opened soon after the steamship arrived in 
Aalborg it was seen that the corn was badly damaged on top. The 
corn immediately under the hatch was discharged as far down as 
the main deck, but as 
there did not appear to 
be any improvement 
in the condition, the 
receivers at this port 
refused to take any 
more of it, and conse- 
quently the remainder 


TEMPERATURE °F 


of the corn was left in —— Lit iit 
the hold from about a fours 5 : 2 
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During this time the 92 346 758 (98-= == -— cae “Tee ee ze ae 
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corn located one-third 56 198 98.6 45—4- 


of the distance down in 
the hold increased 
From 1415220! 140% Ky) 
and the corn stowed 
two-thirds of the dis- 
tance down, which was 
still sound on arrival, 
increased from 88° to 
117° F., and was badly 
heat discolored when 
it was discharged. 


That at the surface 


had a temperature of Fic. 19.—Hold 2: Temperature records of the electrical resistance 
a thermometers, location of the thermometers in the hold, and sam- 
over 145 F . for 20 ples secured in Denmark. Heavy shading represents heat- 


days. As. is seen in damaged corn. (Cargo No. 2.) 

figure 19, the heat damage finally extended fully three-fourths of the 
distance down, as the temperature there was 105° F. when the corn 
was discharged. The grain capacity of this hold was over 73,000 
bushels, and as previously stated was entirely filled with corn. 

As is shown in Table 12, only the corn near the bottom of the hold 
showed any germination or sound kernels at the end of the voyage. 
Table 10 shows that the averages for the corn in this hold, as dis- 
charged, were: Acidity 35.1 c. c., germination 18.1 per cent, sound 
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kernels 23.4 per cent, and weight per bushel 49.52 pounds. This 
was an increase over the condition, as loaded, of 15.7 ¢. c. in acidity, 
and a decrease in even numbers of 44 per cent in germination, 72 
per cent in sound kernels, and 4 pounds in weight per bushel. 


TABLE 12.—Condition of the natural corn in hold 2 as loaded and the change in condition 
while the corn was in the vessel—Samples taken in order in the hold, from top to 
bottom. 


[T 5, etc., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; * indicates not included in the averages.] 


Temperature. | pene Acidity. | Germination. | Sound kernels. Watebt Oe 
Sam- 
No A A A A A 

NO. As 2 As . As As a | AS - As : 
As dis- As dis- As dis- As dis- | As dis- As dis- 
oe charged toad charged ee charged. toad charged. kee: charged. load: charged 
SE ose IP CG UE A | tet C=C. | SCE f. |P.ct.| P.ct. | Pounds.| Pounds. 
Te 5 Bis) 148 | 18.6 18.9 | 19.7 42.6 0} 94.7 0 53.50 47.75 
LS | (eg eel 180) | Saas Th FI |S ea) AQNO > is =e Oulezes== Ope ase saecos 48. 25 
#52 | S582: i eee ee SAG | seen =a ss ee +0. teks $05 |. eee #48. 00 
58 1 (ae 1 Ue ee IOS 4a eee } Fes ese (ial beeen el See ee 44.00 
7 oe 195-| 2 19-8 [as Rama itrt Beas # OL Ge OE sees 48.5 
LSS Paar ee 1A) pee Ss L7AGHla oe 4720) | 22. Oo Hey! Geet | 50. 00 
6s) © 60s ase 15:5 18.7 Foci | MME eer ek Ee 5. 3 ie tase 5d. Ti loe eae 
Galo os a Coe. 19.8.|-.. a eee Oeste So, Began 48.50 
57s oo: se JOG eeaeae ADQH Se seee 5S By eee (1 Fee 5 al Cae SR Se 51. 25 
7, ov 117 | 18.6 } 18.8 | 19.6 34.3 68 | 0 95.6 0 53.50 | 50. 00 
toil eee 16s eee | Cs ie 305451242233 Oss | Qr Shit eres 49, 25 
HON seen 69715. > 18262 ==] ZNO) | Sess (Gig eae D4 yee eae ETE 
6012 ee Hohn) Pererese 18250 Sel 20.8 | ae 19 |e OOF 2 | Sara | 52.75 
PeS of 25S 63. | 18.7 18.9 2.6 45 jo | 94.8 96.6 53.50 | 52. 25 


CHANGE IN TEMPERATURE AND CONDITION OF THE DRIED CORN IN HOLD NO. 3. 


Hold 3 contained artificially dried corn, all of which, excepting a 
small amount along the bottom, became hot and badly damaged dur- 
ing the voyage. Even the corn along the bottom, although it did 
not get hot, was sour, moldy, and badly packed when discharged. 
The average temperature of this dried corn when it was loaded was 
about 15° F. higher than the average for the natural corn in the other 
four holds of the ship. In that part of the corn that was located 
away from the boiler-room bulkhead, the greatest change in tem- 
perature took place in the upper portion. The temperature of the 
corn near the surface increased 13° F. the first 17 days after it was 
loaded, after which the increase was more rapid, reaching 137° F. 
when the ship reached port, as is shown by the temperature record 
of thermometer 9 in figure 20. The temperature of the corn 
in the central part of the hold, about 4 feet under the surface, increased 
in about the same manner as the corn at the surface, but the tempera- 
ture was generally somewhat lower, having a temperature record of 
135° F. on April 7, as is shown by the readings for thermometer 11. 
The temperature of the corn stowed a little over half way down in 
the center of the hold increased but little during the first nine days, 
but from then on steadily increased until 107° F. was reached on 
April 8, as shown by the temperature record for thermometer 14. 
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The temperature of the corn near the center of the bottom of the 
hold increased 19 degrees during the first two weeks, reaching its 
maximum of 89° F, April 14, after which it gradually became cooler, 
being affected by the water temperature, and dropped to 79° on 
April 8. 

TabLeE 13.—Condition of the dried corn in hold 3 as loaded and the change in condition 


while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 


[T 9, ete., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; * indicates not included in the averages.] 


Temperature. Maistore Acidity. Germination. | Sound kernels. Wer OD of 


o. | AS | As dis- |,48 | As dis- |,A5 | As dis-|,48 | As dis- |,45 | As dis] ,48_ | As dis- 


charged. ee charged. ee charged. ied: charged. charged. 


T9 70 137 | 15.6 18.3 | 24.1 41.4 44 0 | 85.0 0 54.75 45. 25 
CO eee cl Yel eaten ES ANOMG| Pees cre UO ll sece = RO eases: 0 EOHecse ene oe 
T 10 74 91 |} 15.5 16.2 | 21.6 42.0 38 5 | 90.5 38.0 54.00 50. 50 
Lei 71 135 | 15.4 14.8 | 21.3 35.7 38 0 | 94.4 0 54, 25 53.00 
T 12 68 134 | 15.3 14.6 | 23.2 36.8 48 0 | 92.8 54. 00 52. 50 

OP eceaoe ING aSeeoe IBY eile daace 3b) lessase Wallobacec 738744) |BEnSa EA 50. 50 
T 19 68 106 | 15.8 13.6 | 22.1 36.7 61 2 | 92.8 34.4 54. 25 50. 50 
T 20 68 74 | 15.6 13.0 | 21.7 23.5 42 43 | 96.5 85. 8 54. 25 54. 00 

GB)o) eects LOSE eee 1a a oes OES alee WN laso0se CoE OM essere 52. 00 
T 14 68 107 | 15.5 15.2 | 21.5 29.5 44 15 | 95.7 76. 9 54. 25 53. 25 
T 13 67 109 | 15.2 14.2 | 21.5 24.6 34 21 | 94.0 85. 3 55. 00 53. 50 
T 15 65 105 | 15.3 15.0 | 20.4 26.5 38 18 | 95.0 83.5 54.75 52. 00 

18 PAU See ee ara 1S) Gh, leeaaaeeee PAs (ebae eae te HO Wessesause Eby) |lSriscsouse 600) Ieee d6a554 
a We 70 89 | 15.8 15.6 | 22.1 28. 0 47 31 | 94.8 90.0 54.7 53. 50 

16 70 78 | 15.2 15.3 | 21.8 25. 2 35 36 | 94.9 93.7 54. 25 53. 75 


As is shown in Table 13, the corn became badly damaged in the 
upper part of the hold, the degree of damage gradually decreasing 
toward the bottom. It will be seen in Table 10 that the averages 
for various factors in the analyses of the corn as discharged were as 
follows: Acidity 31.6 c. c., germination 13.2 per cent, sound kernels 
49.6 per cent, and 51.86 pounds test weight per bushel, which, com- 
pared with the average condition of the corn as loaded, was an 
increase of 9.9 c. c. in acidity and a decrease of 30 per cent in germi- 
nation; 43.9 per cent in sound kernels; and a little over 2.5 pounds 
in test weight per bushel. 


INFLUENCE OF BOILER HEAT ON THE CORN. 


There were three main boilers and two donkey boilers in the stoke- 
hold. The donkey boilers were located near the middle of the bulk- 
head which separated the stokehold from hold 3. This bulkhead 
was lined with a plank sheeting on the cargo side, but there was no 
second bulkhead to form an air space. There were coal bunkers 
over and on both sides of the stokehold, as is shown in figures 20 
and 22. Steam was kept up in the donkey boilers during the load- 
ing period, and the effect of the heat generated was plainly noticeable 
on the corn stowed contiguous to this bulkhead opposite the boilers, 
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as is shown by the temperature records for thermometers 13, 14, 
and 15 in figure 21. The corn located next to the bulkhead oppo- 
site the donkey boilers showed a rapid increase in temperature at 
the time of loading, while steam was kept up in the boilers, and 
showed a higher temperature than the corn located the same height 
but some distance back from the bulkhead until March 27, when it 
was lower. When steam was again generated in the donkey boilers 
Ae ee at the end of the 

2.4 6 6 10 2 1% ame 20 22 24 26 26 SOYI 3 5 voyage, the effect of 

(ult slSlalalelal CCE ee the heat on the corn 

stowed next to the 
bulkhead opposite 
the boilers became 
apparent, the tem- 
perature increasing 20 
degrees in two days. 
The corn near the 
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that was stowed the 

3 oe ee same height back 
i Sop 8 _--------- 's from the bulkhead, as 
is shown by the temp- 
erature records for 
thermometers 10, 11, 
and 12. The hatch 
over the coal bunker 
was kept open and 
afforded ventilation 
in the bunker until 


March 18, but during 

Fic. 20.—Hold 3: Temperature records of the electrical resistance 
thermometers, location of the thermometers in the hold, and sam- the next week, when 
ples secured in Denmark. Heavy shading represents heat- rough cae hae was 


damaged corn. (Cargo No. 2.) encountered and the 
hatch was kept closed, the temperature of the corn contiguous to the 
bulkhead increased 23 degrees, as is shown by the temperature record 
for thermometer 10. The cornstowed along the bottom of hold 3 near 
the boiler-room bulkhead had a lower temperature during the greater 
part of the voyage than the corn some distance away, and this can be 
accounted for in that the temperature at the bottom of the boiler 
room was kept cool by the fresh air that rushed from the ventilators 
and took the place of the heated air that was forced out at the top. 
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The effect on the corn of the heat generated in the boilers is shown 
further by the temperature records of thermometers 19 and 20, which 
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the boilers and 20 ten 
feet away opposite a 
ventilated coal bun- 
ker, asshown in figure 
22. Thermometer 19 
registered an increase 
of 17° F. the first two 
days after the corn 
was loaded, while ther- 
mometer 20 registered 
an increase of only 1° 
F. during this time. 
Thermometer 19 reg- 
istered a higher tem- HEPES secon wenineanas 
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perature than  ther- 
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Thermometer 19 r €2- Fic. 21.—Hold 3: Temperature records showing the effect of boiler 
istered over 100° F. heat on the temperature of corn. (Cargo No. 2.) 


from March 16 to March 26, after which the temperature steadily 
dropped until April 
2, when steam was 
again generated in 
the donkey boilers, 
the heat immediately 
affecting the temper- 


PS ij{]| ature of the corn, 

[1} which increased 22 
degrees in four days. 
VIEW HOLD*3 On April 6 the corn 
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surrounding ther- 
mometer 19 had a 
temperature of 106° 
F. as compared with 
a temperature of 
but 59° F. for the 
— corn surrounding 
Fic. 22.—Hold 3: Temperature records showing the effect of boiler thermometer 20. 

heat on the temperature of corn. (Cargo No. 2.) Tt will be seen in 
Table 14 that the corn surrounding thermometer 19, opposite the 
donkey boilers, underwent by far the most deterioration. Sample 
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No. 19, which was fastened to thermometer 19, as compared with 
sample No. 20, which was fastened to thermometer 20, showed a 
greater Increase in acidity during the voyage by 10.8 ¢. ¢., and a 
greater decrease in germination by 59 per cent, sound kernels by 47 
per cent, and weight per bushel by 3.5 pounds. 


CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 4. 


During the voyage the natural corn in hold 4 became hot and 
badly damaged in the upper part of the hold and along the shaft 
tunnelin the bottom, 
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increased from 55° to 
68° F.; by March 29 
the temperature had 
reached 114° IF. and 
by April 6, it was 
128° F. as shown by 
the temperature rec- 
ord for thermometer 


22 in figure 23. The 

Fic. 23.—Hold 4: Temperature records of the electrical resistance t t eee 
thermometers, location of the thermometers in the hold, and sam- emperature oO e 
ples secured in Denmark. Heavy shading represents heat- eorn located about 4 


damaged corn. (Cargo No. 2.) ict Sa aicecaed 
at about the same rate as at the surface, but did not start to increase 
so soon; the temperature at this point was 115° F. on April 6, as 
compared with 128° F. for the surface corn. (See bem peranme 
record for thermometer 24.) 

It was still longer before the increase in temperature of the corn 
located about 12 feet below the surface began to be pronounced. 
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By March 26, the temperature had increased to 93° F., after which 
it remained practically stationary until April 2, but during the next 
five days it showed a rapid increase and was 116° F. on April 7, as 
is shown by the temperature record for thermometer 26. It should 
be noted that the tem- seinen 

. 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 Sa Sia: 
perature increased rap- r] 
idly in the three posi- 
tions mentioned from 
the 12th to the 24th 
of March, a period of 
the voyage during es 
which the weather GnRnGAHE 
was rough.  Ther- 
mometer 28, located 
about two-thirds of 
the distance down in 
the hold, indicated a 
temperature of 66° F. 
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maximum of 67° IF. re. 24.—Hold 4: Temperature records showing the elect of heat 
on Ma rch 1 0, aft er from the engines on the temperature of corn. (Cargo No. 2.) 
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which it gradually decreased to 49° F. on April 7, at which time 
the water temperature was 33° F. 


TaBLe 14.—EH fect of boiler heat on the corn. 


Increase. Decrease. 


Sample , 
No. ALCL ORO SASL eae Tem- Acid- Moist- | Germi- | Sound Weight 


ee ity. ure. | nation. | kernels. beets: 
ais c.c. |Per cent.|Per cent.|Per cent.| Pounds. 
19 | Opposite donkey boiler.............--- 38 12.6 59 58.4 3.75 
20 | Opposite coal bunker..........-....--- 6 1.8 2.6 (1) LOR. 25 
1 No change. 


Note that the temperature of the corn was over 100° F. near the 
surface for 14 days before it was discharged, 4 feet under the surface 
for 13 davs, and 12 feet under the surface for 3 days. 
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INFLUENCE OF ENGINE HEAT ON THE CORN. 


It will be seen by the temperature records in figure 24 that the 
temperature of the corn located next to the bulkhead separating hold 
4 from the engine room was influenced to a considerable extent by 
the temperature in the engine room, expecially during the early part 
of the voyage. 

There was an unventilated water-tank space next to the engine 
room bulkhead in the upper part of the hold, which was separated 
from the cargo space by a board bulkhead that was not air-tight. 
Thermometer 23, which was located next to the tank-space bulkhead 
in the upper part of the corn, indicated an increase from 60° to 90° F., 
or an increase of 30 degrees the first 8 days ending March 10, during 
which time the corn stowed the same height but about 20 feet back 
from the bulkhead increased only 3 degrees and did not reach 9C° F. 
until about March 21, 11 days later. 


TaBLE 15.—Condition of the natural corn in hold 4 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 


| T 21, etc., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; * indicates not included in the average. ] 


| Weight per 
| 


Temperature. eeu Acidity. Germination. Sound kernels. | hacher 
SE Se (eae ee (aera area el MS Nl eS Ne ee me ee 
Ree | As | As | As As | | As 
Nov | AS.| As dis |)45_| as ais: | g85. | As diss 285. | As ais. |, A5.| As ais | 18 | Asis. 
ed. pe ad akars i | charged. “4g (charged-| aq charged. | ae |charged. 
' } j 
See | Powe a esl oe a Se, (Ee fe ee Lee ee (ee 
| 
o7. | °F. | P.a.| P. e. | ec: | cec.; |P.cb| P. ct. P.ct.| P. ct. | Pounds. | Pounds. 
T21| 52| 117, 19.5] 21.7] 20.1} 41.0) 60 0 95.5 O| 53.25} 45.50 
729 | 5A | 198. |1924-| 41894202 | 43204 —- 7 0) 91.1 0} 53.50 43.25 
epeiyee. . te dB hee fe eB eect [= R39 eee = (peace 40 |2s el eee 
2 eee Ee yee Bank yrs Peease | 35.6 |...... Oe: Renee B77 eee | 48.00 
ag a HE |=e Benge AR by (eee. | 28.4)... Osos ip aS ee 48.25 
Tigi a ey eae Gee CLE Pee fata: iY poten Ojai 0) ache 45.50 
T23) 56 106} 19.3] 16.4] 20.0] 41.9]. 73 6 | 94.0 | 29.6 | 52.50 49.50 
T24| 56 116 | 19.0 18.5 | 24.6 37.1| 58 0 | 93.0 | 0} 54.50 51.00 
BSi[ce a 1071 ee La Ee it 230/01 ee Oe 15-04: See 49.00 
G9: ee cb emer 16:0:)-- | er 33-2 ee] O lars a| Te eee ---| 49.50 
T31| 56} 89 - 18.6 16.8 19.5 29.7; 63 22 | 94.4 55.8] 54.25 50.75 
T25| 60 95 | 18.6] 13.6 | 20.1 26.3) 7. 52 | 97.5 $6.45) 3°50, ae 
T26| 56! 116/ 18.5! 16.0] 18.6 32.9} 62 16 92.8 AD SS a 49.75 
aU ee Bee i biog pene 19:3) 2 rte Bs eee Oj°S"4 3425 Loose es 49.25 
i Eee 86 uc=s= ee ees pa | Goat 38:|saae S47 | 50.50 
Es| eae i ea Tes eee 7] a Ses Pie eee om ee 51.00 
0 -is y | 93 18.6 18.5 | 19.2 28.7; 70 0 96.3 57.2] 53.00 48.00 
T28| 56 66 18.8 17.8 | 18.7 24.4) 66 68 95.9 95.8} 54.00 53.00 
7h | pete ee Hees ih fre ba 20 Oilers Te eee 40-5 4 ee 51.00 
fis) aesengs Wisi iccoes 19° Oye Se Pi iy i Sees Base aret ShBipese rs 51.75 
rice ae 66/240 = 19-0) ee oe te i eee 7 Ee te TBs Re ees-= 52.00 
21 bt 85 19.1 18.6 | 21.1 26.2; 58 27 | 94.1 89.7} 52.00 50.00 
T33) 51 95 19.0 18.3 | 20.7 28.4; 70 9 | 92.7 55.5 po base 50.00 
BSG | ees 74 | 19.2 18.6 | 18.5 246 68 65 95.5 96.0} 53.25) 51.50 
T34| 55 59 18.8 18.2 | 18.7 22.91 7 69 95.1 86.5 | 54.00 53.50 
qf (oe 7) ees 1830) oe Os 9 PR 7 eee 228 4 Poe: 48.75 
T35| 55] 59 | 18.7 18.2 | 20.3 24.4) 61 68 97.0 95.4} 54.00 53.25 
RE ee 77 | 19.7 18.4 | 20.4 24.3) 67 | 59 94.2 86.0} 53.50 52.50 
P29 |) 55 67 | 18 18.4 | 19.§ So Cae 68 95.4 94.5] 53.25 52.25 


During the first part of the voyage, to March 23, thermometer 25, 
located against the lower part of the tank-space bulkhead about 10 


feet from the surface, also indicated a higher temperature than ther-. 


mometer 26, located the same height but some distance back in the 
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hold. During the remainder of the voyage the temperature of the 
corn stowed next to the tank-space bulkhead did not vary a great 
deal until the last few days when it increased 21 degrees in 3 days 
near the surface of the corn and 15 degrees in 4 days 10 feet below 
the surface. The temperature of the corn stowed back from the 
tank space continued to increase irregularly during the whole of the 
voyage and reached 115° F. near the surface and 116° F. 10 feet 
below the surface before it was discharged. ‘Thermometer 27, located 
next to the engine room bulkhead about 20 feet from the surface of 
the corn indicated an increase from 56° to 90° F., or an increase of 
34 degrees during the first 12 days ending March 14, as compared 
with an increase from 56° to 62° F., or 6 degrees, in the corn stowed 
the same height but some distance back from the bulkhead, as was 
indicated by thermometer 28. From March 14 on there was but 
little change in either position. The temperature of the corn near 
the bottom varied somewhat with the water temperature, as is 
shown by the temperature records for thermometers 29 and 30, that 
near the bulkhead being generally somewhat higher than the corn 
some distance back. 

The corn stowed next to the tunnel was affected by the heat which 
penetrated the tunnel from the engine room, the details of which are 
explained under the discussion of the changes that took place in the 
corn in hold 5. 

The changes in the condition of the corn during the voyage in 
various positions of stowage in the hold are shown in Table 15. The 
averages of the corn as discharged were: Acidity 29.8 ¢. c., germina- 
tion 25.8 per cent, sound kernels 54.1 per cent, and 49.93 pounds test 
weight per bushel, which was an average increase during the voyage 
of 9.8 c. c. in acidity, and an average decrease of 41.1 per cent in ger- 
mination, 40.5 per cent in sound kernels, and a little over 3.5 pounds 
in test weight per bushel. 


CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 5. 


About one-fifth of the natural corn in hold 5 became heat damaged 
while it was in the vessel. The heating corn was found at the top 
to about one-fourth the distance down and also along the shaft 
tunnel. In the heating corn on top the highest temperature and the 
greatest damage were found at the surface, while in the heating 
corn along the shaft tunnel, the highest temperature and the greatest 
damage were found in the corn located against the tunnel. 

The temperature of the corn in this hold at time of loading varied 
from 53° to 55° F. During the voyage the corn near the surface 
on a level with the main deck gradually increased in temperature 
until it reached a maximum of 122° F. on April 2, 3 days before 
the ship was docked, as is shown by the temperature records for 
thermometer 38 in figure 25. The temperature of the corn about 
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5 feet below the surface and the remainder of the corn in the hold, 
excepting that which was located on and near the shaft tunnel, 
changed but little before the cargo arrived in Denmark, as is <i 
by the temperature records for thermometers 38 and 41. But, 
during the discharge of the cargo, which took 15 days, the corn 
at the new surfaces formed from day to day would frequently get hot 
from one day to another. Thus the corn nearly halfway down in 
the hold was cool 
and sound when it 
was firstexposed but 
got hot before it was 
discharged, as is 
shown bysample No. 
82in figure 25, which 
had a temperature 
Of: 112° “ee 
same condition also 
occurred in the corn 
= in hold 4. 

: Table 16 shows 
5 the condition of the 
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individual samples 
as discharged as 
compared to the 
condition as loaded. 
It will be seen in 


Table 10 that the 
averagesfor thecorn 
as discharged were: 
Acidity, 26.3. ¢. ¢., 
germination 29.9 per 
cent, sound kernels 
72.9 per cent, and 
weight per bushel 
50.6 pounds, which 
was an average in- 
crease from the con- 
dition as loaded of 

5.9 c. c. in acidity, and an average decrease of 36.9 per cent in germin- 
ation, 21.1 per cent in sound kernels, and 2.75 pounds in test weight 


per bushel. 


FLA COPERIIS WER TUMREL 


Fic. 25—Hold 5: Temperature records of the elecirical resistance 
thermometers, location of the thermometers in the hold, and sam- 
ples secured in eae ‘Bey shading represents heat- 
damaged corn. (Cargo No. 2 


INFLUENCE OF TUNNEL HEAT. 


The temperature of the corn located next to the shaft tunnel in 
holds 4 and 5 was noticeably affected by the tunnel temperature, as 
is shown in figures 26 and 27. The tunnel was constructed from 
steel and was unprotected, excepting that part of it which was 


» 
S| 
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directly under the hatches, where it had a plank covering. In hold 
4, five thermometers were placed in the corn the same height as the 
top of the tunnel, as is illustrated in figure 26. Thermometer 36 was 
located on the steel side of the ship, where the temperature varied 
with and was always about the same as that of the sea water. 
Two thermometers were placed halfway between the tunnel and the 
outside, thermometer 34 on the port side and 35 on the starboard side, 
and the temperature of the corn in both of these positions remained 
practically the same throughout the whole of the voyage. The two 
remaining thermometers were placed on the tunnel, thermometer 32 
on the unprotected steel part and 33 on the plank protected part. 
The temperature records for thermometers 32 and 33 show that the 
temperature next to 
the tunnel remained 
unchanged until the 
ship began to sail at 
the beginning of the 
voyage, after which 
there was an imme- 
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against thesteel part * '82 229 59 -{rr3--"" ds Wee sae ee 
; 
of the tunnel was the a ae Re 
: : Fie. 26.—Hold 4: Temperature records of the electrical resistance ther- 
first to show a rapid mometers and ‘‘trap” samples located at the height of the top of 
increase, and alsothe the shaft tunnel. Samples secured in Denmark. Heavy shading 
Z j represents heat-damaged corn. (Cargo No. 2. 
greatest daily in- : we 


crease, In temperatures. After March 10 there was a decided drop in 
both the air and water temperatures, and also a corresponding drop 
in the temperature of the corn next to the tunnel. The corn, how- 
ever, remained above 80° F. until April 1, after which there was again 
a decided drop in temperature corresponding to the drop in the air 
and water temperatures at this time. The corn located against the 
steel part of the tunnel was, however, in this case the first to show 
the decrease, and also showed the greatest daily decrease, a condition 
which was just the reverse of that at the beginning of the voyage. 
This illustrates the fact that the unprotected steel tunnel is a better 
conductor of heat than when it is protected by a plank sheeting. 
During practically the whole of the voyage, the temperature of the 
corn stowed next to the tunnel was over 20 degrees higher than the 
temperature of the corn stowed halfway out from the tunnel. 
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TaBLeE 16.—Condition of the natural corn in hold 5 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from lap to 


botiom. 


[T 37, etc., represents samples in crossed-wire containers fastened to resistance AEERDGL SES of the same 
numbers; * indicates not included in the average.] 
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The influence of the tunnel heat on the corn in hold 5, is illustrated 
by the temperature records for thermometers 39, 40, and 41 in figure 
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located at the height of the top of the shaft tunnel. 
cured in Denmark. Heavy shading represents heat-damaged 
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27. Thermometer 40 
was located on the 
steel part of the tun- 
nel, thermometer 39 
about 3 feet above 
the plank covered 
part of the tunnel, 
and thermometer 41 
thesame heightas the 
top of the tunnel but 
halfway out toward 
the side of the ship. 
Thermometer 40 indi- 
cated a rapid increase 
in temperature during 


“the first week after 


the vessel sailed, and 
registered 95° F. on 
March 10. The tem- 


perature decreased to 86° F. on March 11, after which it did not vary 
much until the steamship arrived at Denmark, when the temperature 
The temperature of the corn 
along the tunnel varied with the water and air temperature, but was 


dropped 16 degrees in four days. 


considerably higher after the first few days. 
feet above the plank covered part of the tunnel registered 


located 3 


Thermometer 39 
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an increase of but 17 degrees during the voyage, and thermometer 41 
located halfway out registered an increase of only 7 degrees. The 
temperature of the corn stowed against the tunnel did not go above 
95° F. in either hold, but the corn became sour and moldy and was in 
a dangerous condition for storage after it was discharged. 

TABLE 17.—Changes that took place in the condition of the corn located on the shaft tunnel 


compared with the changes in the corn stowed the same height in the holds but located 
halfway between the tunnel and the side of the vessel. 


| Increase | DeLee Se | Increase | Decrease | Decrease | Decrease 
ie F n ‘ F eae in weight 
Sample No. Location. in} tem= | oisture in in germi-| in sound an 
perature. | content. acidity. | nation. | kernels. aera el 
Hold 4: ae Per cent. CHG: Per cent.| Per cent.| Pounds. 
S2e ete On tunnel, wooden part... - 28 0.5 25.5 31 4.4 2. 00 
Bea ae On tunnel, steel part....--- 38 su 38.5 61 37.2 3.75 
SZAN Gis) sOni tunmeleses ee oe see 33 6 32.0 46 20.8 2. 87 
34and 367) Tunnel height, halfway out- 12 .6 PT 2 4.0 112 
Hold 5: 

AQRSt Cee Onktunne eae ee eee 40 0 42.5 63 59.9 2. 50 
Cite Sees Tunnel height, halfway out. a 3.3 28.0 10 10.7 ils o 


1 Data represent averages for samples Nos. 32 and 33. 
2 Data represent averages for samples Nos. 34 and 36. 
3 Increase. 


It will be seen in Table 17 that the corn stowed against the tunnel 
underwent a more severe deterioration than the corn stowed the 
same height but halfway out toward the side of the hold; and also, 
that the corn stowed along the steel side of the tunnel became more 
damaged than the corn stowed against the plank covered part of the 


tunnel. 
“SWEAT” AND FERMENTATION IN THE HOLDS. 


The effects of ‘‘sweat’’ were shown very distinctly immediately 
under the hatch combings and deck beams in each hold. The 
‘““sweat’”’ which condensed on the under side of the deck fell on the 
surface of the corn where it supplied the necessary moisture for 
fermentation. While the amount of corn that was damaged by 
‘““sweat”’ alone was not very large, the fermentation which it started 
and the heat which was generated, spread to the unaffected parts 
and in that way caused much damage as a result of the long voyage. 
This condition usually happens early in the voyage. Table 18 
shows the result of ‘‘sweat’’ on the corn located immediately under 
the hatch beams. 


TaBLe 18.—Effect of “sweat” on the corn which was located immediately under the hatch 
beams. 


Hold | Temper- | Moisture 


| 
Weight F 
Sample No. No Germi- Acidity. Sound 


ature. | content. Lent nation. kernels. 


CT de Per cent.| Pounds. | Per cent. CAG Per cent. 
43 ee SPS ee EE Ly eet 00 (SETS 1 110 43.6 Q) “0 65.7 0 
52 SERS Ss See eet RES ee eet 2 138 34.6 48.00 0 75.5 0 
CUS SAEED Sey hater 4k ibe 3 155 54. 6 (1) 0 110.8 0 
ANSI ae ate ces pee cin, Os oat 4 135 48.1 (1) 0 83.9 0 


1 Too wet. 
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In fermenting corn, the r oisture contained within the kernels is 
liberated quite rapidly, and escapes in the form of vapor. After the 
cargo arrived in Aalborg, the hot corn under the hatch in hold 2 was 
discharged to a depth of about 8 feet, and then the hatch closed 
again. While the hatch was open, there was no “‘sweat’’ dropping 
from the hatch beams because the heated moisture-laden air escaped 
through ventilation, but, a short time after the hatch had been 
closed the water was found to be dripping from the deck and hatch 
beams quite rapidly, which stopped again after the hatch had been 
opened a few minutes. During the voyage all of the ventilators 
leading to the corn were kept closed. 

CORRELATION OF THE CHANGES IN THE TEMPERATURE OF THE CORN AND THE 
CHANGES IN SOUND KERNELS, ACIDITY, GERMINATION, AND TEST WEIGHT PER 
BUSHEL. 

Tt was seen in the tables giving the detailed analyses of the samples 
that considerable change took place in the temperature and con- 

dition of the corn in 
the various positions 

20 & of stowage while the 
=e corn was in the vessel. 
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vesselis brought about 
principally through 
(1) inherent causes, 
usually fermentation, 
which produces heat, 
and (2) external in- 
fluences, such ashigher 
air and sea-water 
temperatures and the 
heat from the ship’s 
machinery, which 
| penetrates the cargo 
————= 527 holds and frequently 
ESS = Sa induces fermentation. 
soz | As the corn in bulk 
48.0 does not afford suff- 
=== - GONDITION OF THE GORN AS LOADED cient ventilation for 
EMME - CONDITION OF THE CORN AS DISCHARGED 
the heat to escape, 


m oO a - = eS = aie os = 2 base: aE 5 
Fig. 28.— Diagram showing the correlation of the temperature and 


peehcan of the corn samples in crossed-wire containers as loaded the temperature con- 

and as discharged. (Cargo No. 2.) tinues +o increase un- 
til the corn gets hot. The maximum temperature recorded in this 
cargo as discharged was 155° F. 


SOTO 7% 


AVERAGE WEIGHT PER BUSHEL-LBS 


PANGE IN THE TEMPERATURE OF THE CORN AS DISCHARGED~ °F 


(AVERAGE TEMPERATURE OF THE GORN AS LOADED 59 f- RANGE 5110 7% °F) 
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The temperature of hot corn cften decreases after the corn has 
been fermenting for some time, due no 
doubt to the more or less complete de- 
struction of the compounds and _ tissues 
upon which the biochemical processes act. 

By examining figure 28, it will be seen 
that there is a close relation between the 
deterioration of the corn and the increase 
in temperature. 


(Cargo No.3.) 


CARGO No. 3. 


Cargo No. 3 consisted of 145,714 bushels 
of naturalcorn. The corn was loaded De- 
cember 22 and 23,1911. The vessel sailed 
December 24 and arrived in Bremerhaven 
January 7, where the corn was discharged 
from January 10 to 14. The length of 
the ocean voyage was 14 days. The max- 
imum time that any of the corn was in 
the vessel was 23 days and the average 
time 21 days. 


The heavy shading represents heat-damaged corn discharged. 


HEAVY SHADING REPRESENTS HOT OGRN 
LIGHT SHADING REPRESENTS COOL CORN 


STOWAGE CF THE CORN. 


NOTE- 


The steamship had six cargo holds, as 
is shown in figure 29, and each of the 
holds was only partly filled with corn. 
The vessel had two shaft tunnels running 
through the bottom of holds 3, 4, 5, and 6, 
one of which carried steam pipes that sup- 
plied the steam for the rudder machinery. 
Both tunnels were ventilated. 


CONDITION OF THE CORN AS LOADED. 


The condition of the corn as loaded is 
shown in Tables 19 and 20. The averages 
for the various factors in the corn as loaded 
were as follows: Moisture content 19.3 per 
cent, acidity 16.8 c. c., germination 73.4 per 
cent, sound kernels 93.4 per cent, weight 
per bushel 54.5 pounds. The corn at 
this time had an average temperature of 
32° F. It will be noted that the corn 
was In very sound condition as indicated 
by the extremely low acidity test of 16.8 
C.. C. 


(A)=CONDITION OF THE CORN OVER STARBOARD SHAFT TUNNE" 


(B)=CONDITION OF THE GORN OVER PORT SHAFT TUNNEL 


Fia, 29.—Diagram showing arrangement of the steamship and stowage of the corn in holds. 
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TABLE 19.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 3, as loaded and as discharged, by holds. 


j 
: A Weight 
Tempera- | Moisture Aes Germina- Sound 
Hold. a Acidity. : is per 
ture. content. tion. kernels. Sashes 
Hold 1: ol i Per cent. C2 C. Per cent. Per cent. Pounds. 
ASN OAD OG Se eee ee ae olo22 0 ae 18. 7-19. 0 14. 0-15. 0 74. 0-80. 0 90. 8-94. 5 546-5525 
Asidischarged=- 2225 =225' = 36.0- 37.0 18.1-18.6 18. 5-20.5 79. 0-82.0 89. 8-95. 8 53. 7-54. 2 
Hold 2: 
iA SoAded eee 30.0- 31.0 18. 3-18. 8 15. 5-16.5 71.0-81.0 93. 1-95. 3 53. 5-55. 5 
AS diseharced: =-5253--222-- 34. 0- 41.0 17.£-18.8 17.5-20.5 66. 0-78. 0 92. 0-94. 3 53. 3-96. 0 
Hold 3: ; 
As loaded ..-.-------------- 31.0- 32.0| 18.1-19.7] 14.0-18.0] 71.0-80.0} 90.8-96.2| 54.0-55.5 
As'disehargeds=— 2 252 522=-5- 33. 0- 48.0 17. 6-19.4 16. 0-19.0 60. 0-87. 0 82. 8-97.0 52. 3-55. 0 
Hold 4: 
AAs longed: .5s-2 Sas es 31.0- 46.0 19. 1-20.6 16. 0-20.5 61. 0-78. 0 91. 2-94. 7 53. 0-56. 0 
As discharged.-.-....-------- 42.0-132.0 | 17.9-26.8 | 18.0-46.0 0-S2. 0 0-96.3 | 41.5-56.0 
Hold 5: 
NOH G50 et Ge ee ee ee } 27.0- 32.0 | 19.1-20.8] 16.5-19.0 | 55.0-85.0 | 90.6-95.7 | 52.0-55.0 
AWsidischarsed eee | 32.0-119.0 | 18.6-22.9| 17.5-37.0 0-84. 0 0-95.8 | 46.0-54.5 
Hold 6: zi 
JAG that (ot ae ee ee 28.0- 32.0 18.4-19.3 15. 5-17.0 82. 0-91. 0 95. 7-98. 7 55. 0-56. 0 
IAs idiseharced 2225-2 a 37.0- 52.0 18. 3-18.9 18. 0-18. 0 80. 0-91. 0 92.1-97.1 54. 5-55. 0 
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Fic. 39.—Illustrating the position of stowage of the corn in holds 
4, 5, and 6, cargo No. 3, and the effect of the heat from the shaft 
tunnel on the corn surrounding the starboard tunnel. The heavy 
shading represents heat-damaged corn as discharged. (Cargo 


No. 3.) 
« 
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TABLE 20.—Condition of the corn in cargo No. 3 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 


bottom. 
Tempera- Moisture +s Germina- | Sound ker- | Weight per 
ite. content. Acidity. tion. nels. bushel 
Hold and sample zr A ; ri ; ria ae ? ; 
No. ao | g rg as |g oo |g { Le ties! 
ay | 28 | 25/8 By | SB) 2, |b |B, | 28 | By | oe 
“a? a& He a § ae aS e aa | ae  & a? 2 3 
4 |48 4 [/43 |4 | ad |/4.14g)/4 /48)4 | 44 
aCe WmOnCr WPaChl bebe Ie Chal ele eh.4| 1408. 08 
15.0] 20.0 79 82 | 90.8 | 90.9 | 65.50] 564.00 
14.0} 20.5 73 80 | 91.5 | 89.8 | 64.50] 64.50 
15.0] 18.5 79 79 | 94.6 | 95.8 | 64.00] 63.76 
See ISS OMA ss MO alesis sale Oar Collae epee | ORO 
il oy boned fey 70 75 | 98.1} 92.0 | 63.50 | 64.00 
16.5 | 20.5 73 66 | 95.3 | 93.11 54.50} 64.50 
16.0 | 19.0 80 75 | 95.0 | 94.3 | 65.50} 623.60 
AG es 195Os|\agae Tisai oes SQM |e. el TAO 
| S095 0c 175. eeecre Asis Bg ea GAG (0d dae: 54. 00 
p An (Pie 2 2 oie 10508 paeeeee : Bon ee sees Chr ee aoe 5e. 00 
LAME CHS raty ERE 32 SH 1852)) 17S) Wa Gel 1750 75 71 | 92.1 | 93.6 | 55.00 | 54.00 
TRIES 5 RAPES Rees 30 43 }19.7| 18.1 | 15.5 | 18.0 73 76 | 93.5 | 94.01 54.00] 52.50 
Ie eate conn eee ee 81 38 | 19.0] 18.4] 16.6] 17.0 74 69 | 95.2 | -97.0 | 54.00 | 52.25 
EPP ee heaes sca. bl G0 +1 185641 S.vobd 40-12 18.52), 78 i7 | 96.2 | 82.8] 55.00] 53.50 
Tat tee oo wees 31 43 | 18.7] 18.0] 16.0] 16.0 73 77 | 94.2 | 97.0 | 55.00 | 54.50 
Ge eee oles 31 S4o a1 Slee Os| st7On | 1620 79 85 | 90.8 | 96.1] 65.50 | 54. 25 
7 ee er tee: 82 Jo | 19) | 1S) Shet77 5) isr0 70 76 | 91.6 | 93.9 | 54.60 | 63.75 
1 eS aes 32 88 | 19.2] 19.0] 18.0] 17.5 73 83 | 92.9 | 91.0] 54.00 | 64.50 
ies ee ain ew reerse 32 41 | 18.7) 17.6] 14.5] 19.0 77 74 | 93.6 | 92.6 | 55 54, 00 
Hold 4: 
Port side— 
Dees te 46 66) | 1986) 181651 17405) 125.0 67 33 | 93.0 | 59.0 | 55.00 | -50. 75 
Diets wee 33 46°) 19.1 | 18.9 | 17.5 | 18.0 67 66 | 93.2} 90.4 | 56.00 | 55.00 
DOM IT S pored 32 42} 19.3'| 18.7 | 18.0] 19:0 61 81 | 91.2 | 87.7 | 53.50] 54.00 
DB t’ Penne 36 GEN TONS) | 192 ON 720) | 195 78 64 | 92.9 | 92.2 | 55.00 | 52.75 
eee 31 50 | 19.4 | 19.0] 17.0] 18.0 70 73 -| 94.7 | 87.3 | 55.00 | 53.00 
DB raey sete pe 34 68 | 19.3 | 18.5] 16.5] 24.0 69 30 | 93.0 | 75.2 | 64.50 | 50.75 
heen 5 ee 37 47 | 19.8 8.6 | 19.0} 20.0 69 72 | 92.2} 89.4 | 53.00 | 53.25 
Dia Beha dete 32 45 |19.6| 19.3]17.0} 19.5 67 72 | 92.0| 90.2 | 54.00| 52.75 
2 a 34 At AO 7 ei Sez esl lineelS-1Oy heen 70, 82 | 93.9 | 88.7 | 54.60 | 53.00 
Middle— Z 
2 Sarai, Set 33 86 | 193 | 18.4] 16.0] 27.5| 76 15 | 93.8 |. 55.6 | 55.00 | 50.50 
OD habe cenee) sl'¢ Yak os 900-252 1S46nl nae ee DON Sule wee Tk \pa tee LD ear pore 45, 25 
See lube 2a 13925\ Gas aes 1856" eaen 36505 |e eae One. Sil ee ea ee 43. 50 
CHAE See Foe ke eee O83)2525.5 19 ie ae ge QOS ile eke LN ea SShGulae ee: 53. 00 
By sce BES Hee eee G2 OSes De Oa eee e DO ReaE 6778). |S bias 56. 00 
GHAAE Soei ee 33 59 / 20.6 | 18.9) 20.5} 31.0) 68 13 | 93.3 | 53.8 | 54.75 | 51.00 
Starboard side— 
Shee aes ele aes Soule PS area xe 270s OV 2 Deo vir = We _ 45. 50 
SOR erate oe eles 28H Ries See 20 Nog | eee ae OO) | eee (Dol lse sie Ona 41. 50 
BY (See meer Be eiser 50/4. sae" LOR De eta: 1 S4 5h | eae THE eae 9623 Paes ® 55. 00 
ge Se neoeeassd|bsodss He sat oe 8 iieerae IS post peas GS ul ae 2 ONO) | ee eee 3) 0 
arate Gala el eeB5i lh te (Ao ones 51. 25 
tt A LUG a Renee Gar ee SSr 58 hs eee 
Port side— 
AG eo melee 32 37°| 19.8 | 186°) 4850" or 5 77 68 } 91.7 | 90.6 | 52.50 | 52.25 
Aiets. ps 32 38 | 20.8] 19.6] 19.0] 20.5 55 66 | 94.3 | 87.6 | 54.00 | 54.00 
Aon aoe 2 32 45 | 19.1] 19.2] 19.0]! 19.0 84 84] 95.7 | 94.4] 54.50 | 53. 25 
ASP od wt fag 30" 27 32 | 19.3] 19.3 | 16.5] 18.0 84 74 | 93.0} 95.81 55.00 | 53.00 
AM ene 29 32 19 sde tel AOn elvan aedigad 67 75 | 94.6 | 94.5 | 55.00 | 54.00 
ADE age: Ss 31 41 | 20.0} 19.6} 18.0] 17.5 73 74 | 92.3} 93.2] 52.00} 53. 25 
Bie aha 32 50 | 20.5 | 18.9] 17.5] 20.5] 63 42 | 90.6 | 85.5 | 55.00 | 53.00 
Starboard side— 
Cd (OS cee eee) er erre Biman sets DONS | eee PEO aes AG) | ORAS eee 52. 50 
oS HES ee Wega [oe § Ais er Sse 1:8 biog Vi A755) | so oth ee. (ie) eee 9422 bmn 5. 54. 50 
Figidte-eeey. viitciets| hl lee Lt eee By or igs Oikaaes> a 
Vee eae: page SlelOlSeleelS.9h elaOnl eel sO 81 80 | 95.7 | 92.1 | 56.00 | 55.00 
Cy gee eee eae 28 52| 18.4] 18.3] 15.5] 18.0 | 90 91 | 98.7 | 97.1] 55.001 54.50 


TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 
DISCHARGED. 

The top of the corn in each hold of the vessel was either below or 
near the water line. In holds 1, 2, and 3 there was very little change 
in the condition of the corn during the voyage, as shown in figure 29 
and Table 20. In holds 4, 5, and 6, which contained two shaft tunnels 
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along the bottom, the corn became badly damaged over and along 
the starboard tunnel. This is illustrated in figure 30. It will be seen 
in the cross section of hold 4 that samples Nos. 30 and 36, which were 
taken from the corn a short distance above the starboard tunnel, had a 
temperature of 132 and 128° F. and tested 36 and 46 c. c. in acidity. 
The corn in both samples had lost all vitality and was badly discolored. 
Compared to these, samples Nos. 37, 38, and 39, which were taken in 
the starboard tank from about thesame height, butsomedistance away, 
did not exceed 65° F. in 

CARGO No.3 temperature and 19.5 
oe cn baci 
sample No. 35, which 
was taken from directly 
above the tunnel, but 
near the surface of the 
corn, had a temperature 
of but 85° F. Sample 
No. 29, which was also 
taken from above this 
tunnel, but near thesur- 
face of the corn, had a 
temperature of 90° F. 
SOUND KERNELS -—% Thestarboard shaft tun- 
SSSSSSSSSSSS==e2-4| nel, which had the two 
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SO7To 74 EE <1 oot es 
= temperature inside the 
757099 & sé : 
10070124 |-O tunnel considerably 
12570142 |-O higher than the tem- 


WEIGHT pea BUSHEL-LBS. | perature in the port 
SS Se5; shaft tunnel, which did 
mE 53.2) 
not have any steam 


g52.8 oe 
see pipes in it. The corn 
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ANGE INTHE TEMPERATURE OFTHE CORN AS DISCHARGED -°F. 
(AVERAG £ TEMPERATURE OF THE CORN AS LOADED 32 °F -BANGE 277046°F,) 


3335.0 surrounding the port 

22.5 shaft tunnel was 

===CONDITION OF THE CORN AS LOADED ‘‘packed,” moldy, and 
Wil =CON DITION OF THE CORN AS DISCHARGED sour, and had a higher 
Fic. 31—Correlation of the temperature and condition of the corn tempera ture than the 
as loaded and as discharged. (Cargo No. 3.) corm a short distance 


away from the tunnel, but it was not hot or discolored. Thesamecon- 
dition of damaged corn along and over the starboard shaft tunnel, 
as found in hold 4, was also found in holds 5 and 6, as will be seen 
from the cross sections of these holds. Sample No. 49, which was 
taken from the corn about a foot from the starboard shaft tunnel in 
hold 5, had a temperature of 119° F., and an acidity of 37 c. c., while 
sample No. 47, taken from directly above it, near the surface of the 
corn, had a temperature of only 47° F., and an acidity of 21 c. c., and 
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sample No. 42, taken from the corn about a foot from the port tunnel, 
had a temperature of 45° F., and an 
acidity of only 19 c.c. Sample No. 43, 
which was taken from the same height 
in the corn, but half-way between the 
tunnel and the outside of the hold, had a 
temperature still colder, 32° F., and an 
acidity of only 18 c.c. Table 19 shows 
the total range in each factor and condi- 
tion of the corn by holds as loaded and 
as discharged. Table 20 shows the con- 
dition of each sample taken from the corn 
as it was being loaded and the condition 
of each sample that was taken from the 
corn as being discharged. The correla- 
tion of temperature changes and changes 
in condition of the corn is illustrated in 
figure 31. 


The heavy shading represents heat-damaged corn as discharged. 


CARGO No. 4. 


Cargo No. 4 consisted of 197,142 bush- 
els of natural corn. The corn was loaded 
February 20 and 21, 1911. The vessel 
sailed February 22 and arrived at Brem- 
erhaven on March 8, where the corn was 
discharged March 9 to 16. The length 
of the ocean voyage was 14 days. The 
maximum time that any of the corn was 
in the vessel was 24 days and the average 
time 20 days. 
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Fic. 32.,—Diagram showing arrangement of the steamship and stowage of the corn in the holds. 
(Cargo No. 4.) 
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STOWAGE OF THE CORN. 


The steamship had six cargo holds, as 
is shown in figure 32. Hold 3 was en- 
tirely filled with corn, and the remaining 
holds were only partly filled with corn. 
The vessel had two shaft tunnels running 
through the bottom of holds 4, 5, and 6, 
neither of which tunnels carried steam 
pipes and both of which were ventilated. 


2 J=cO0L CORN 


Ce a. sae 5 as 
ESRA= HOT CORN 


CONDITION OF THE CORN AS LOADED. 


The condition of the corn as loaded 
is shown in Tables 21 and 22. The 
averages for the various factors of the corn as loaded were ag 

$5190°—19—Bull. 7644 
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follows: Moisture content 19.5 per cent, acidity 21.0 c. ¢., germina- 
tion 69.9 per cent, sound kernels 94.0 per cent, weight per bushel 
53.4 pounds. The corn at the time of loading had an average tem- 
perature of 37.6° F. 


TABLE 21.—Rangein the principal factors, showing quality and condition of the corn in 
cargo No. 4, as loaded and as discharged, by holds. 


Tempera- | Moisture Petornie Germina- Sound |Weight per 
Hold. ture. content. Acidity. tion. kernels. bushel. 
Hold 1: Soe: Per cent. Cac Per cent. Per cent. Pounds. 
AS1OAdEed S52 ete ee ee 35. 0 37.0 19. 4-19.6 20. 0-21. 0 61. 0-63. 0 93. 5-94. 2 53. 2-54. 2 
a discharged:= G2 soe. hee | 39.0- 49.0] 19.3-19.6 | 20.5-20:5 | 56.0-66.0| 90.8-91.6 | 53.0-53.0 
Hold 2: 
A SiOaded 2 ae ea ees ee 34.0- 34.0] 19.0-19.9 | 19.0-22.0 | 63.0-75.0| 93.3-96.6} 53.0-53.0 
oe discharged) 22. -- a epee 39.0- 44.0 | 18.6-20.4 | 20.5-27.0| 32.0-67.0| 73.9-93.7 | 53.0-53.5 
Hold 3: 
FAS loaded se. Bee te ee 34.0—- 39.0 | 18.5-20.3 } 19.5-22.5 | 58.0 82.0 | 89.1-95.6 |] 52. 7-54.0 
i as discharred.... S25 22S 40.0-118.0} 18.4-38.1 | 17.0-49.0 78. 0 93.4 | 48. 0-53. 7 
old 4: 
Ac loaded eke eee 35.0- 48.0] 18.9-20.7 | 19.5-23.0] 68.0-78.0 | 89.7-97.2| 52.2-54.2 
= ns discharced’ 5... sees 40.0- 79.0; 18.1-20.8 | 19.0-39.0| 12.0-61.0)} 48.6-91.7]| 48. 5-54.0 
old 5: 
‘A s'loaded!#) Sees t a ees | 36.0- 38.0 | 17.6-19.7 |} 20.0-25.0| 60.0-76.0| 89.6-95.4 1] 51.5-55.0 
~ ee discharsedé. =.-% 3s aee | 38. 0- 65.0 17. 7-20. 0 18. 0-24. 5 48. 0-77. 0 82. 9-94. 8 45. 5-53. 5 
old 6: 
As loaded: 2820 «ae 37.0- 38.0] 18.8-19.0} 20.0-20.0| 80.0-84.0] 91.5-93.9]| 54.0-55.0 
AS discharseds: = 2). -f ass 39. 0O-— 60.0 18) 5-195 25) 18:-0=2120 64. 0-86. 0 | 89. 6-91. 3 52. 5-53. 5 
| 


TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CCRN AS 
DISCHARGED. 

The steamship carrying this cargo was of practically the same 
construction as the vessel carrying cargo No. 3, except that it did 
not have any steam pipes in either of its shaft tunnels. The corn 
was loaded to varying heights in each of the six holds, only hold 3 
being entirely filled with corn. With the exception of small amounts 
of corn in the upper part of hold 3 and the forward part of hold 4, 
the corn in this cargo changed but little during the voyage and 
arrived in Europe in good condition. The detailed results of the 
analyses of the samples taken from this cargo are shown in Table 22. 

Hold 1 was filled about one-third full of corn. The corn as dis- 
charged ranged from 39° to 49° F. in temperature, 20.5 c. ¢. in 
acidity, 56 to 66 per cent in germination, and 90.8 to 91.6 per cent 
in sound kernels. 

Hold 2 was more than half-filled with corn. The corn as dis- 
charged ranged from 39° to 44° F. in temperature, 20.5 to 27 c. c. in 
acidity, 32 to 67 per cent in germination, and 79.9 to 93.7 per cent 
in sound kernels. Sample No. 3 represents a thin layer of corn at 
the surface which was somewhat moldy and had started to go out 
of condition. It tested 27 c. c. in acidity, germinated 32 per cent, 
and had 73.9 per cent of sound kernels. Neither of the two other 
samples taken from this hold lower down in the corn tested over 
21 c. c. in acidity or contained less then 93.5 per cent of sound 
Kernels. 
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TABLE 22.—Condition of the corn in cargo No. 4 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom. 


; Moisture eye y Gare Weight per 
Hold Temperature. Bantadt Acidity. Germination. |Sound kernels. Gushell 
and 
sample = 
No. 


AS "VAs dis- |)2S_| As dis: |,-03_ || As dis- | 0.5. | As dis- |)4°5| As dis- | 05. | As dis- 


l wee charged. | °°) charged. charged charged.) °4q_ jcharged.| “,q = |charged. 

Hold 1: | °F. CoAK 12. Je. Oty |) Cx@s CRC |i Cial eee Clan aici Un CE. | OUNdSs| Pounds: 

SSE 935 39 | 19.6 19.6 | 20.0 20.5 61 56 | 94.2 91.6} 54.25 53. 00 

37 49 | 19.4 1S} |) PCO) 20.5 63 66 | 93.5 90.8 | 53.25 53. 00 
Hold 2 

3 34 39 | 19.7 20.4 | 21.5 27.0 63 32 | 96.6 73.9 | 53.00 53. 00 

4 34 39 | 19.9 18.6 | 22.0 21.0 75 67 | 93.7 93.5 | 53.00 53. 50 

5 34 44 | 19.0 20.0 | 19.0 20.5 64 59 | 93.3 93.7 | 53.00 53. 00 
Hold 3 

Si)2 8 Biceed 1 esa ae eee 20M | Pen BPS Nlscicmen One ere: (37 ae eed ea A 48. 00 

6 34 57 | 20.3 19.4 | 22.5 23. 0 70 54 | 95.3 O13 Peooo0 SL 5 

7 34 59 | 20.1 19.8 | 20.0 23.0 76 52 | 93.1 87.2 | 58.00 51. 50 

(0) | ee a UTS tS RS oars oly iat ote ILO We coooe 1 liens ell eacchcaeecaae nes Te ees eee a | eee eet 

8 35 42 | 19.8 19.1 | 19.5 17.0 61 71 | 95.6 91.8 | 53.75 53. 00 

9 39 59 | 19.3 19.4 | 21.0 22.0 70 55 | 91.4 86.6 | 53.50 51.25 

10 37 40 | 19.6 19.5 | 21.5 18.0 64 70 | 92.6 93.4 | 53.00 53.75 

11 36 46 | 19.2 19.3 | 19.5 18.5 82 78 | 92.8 92.6 | 54.00 52. 50 

12 37 53 | 19.2 19.0 | 22.0 27.5 58 46 | 90. 2 S05 QW 52.05 51. 50 

13 36 49 | 18.5 18.4 | 19.5 20.0 60 65 | 92.6 90.6 | 53.25 51.75 

rt 14 36 49 | 19.4 19.9 | 21.0 20.0 64 67 | 89.1 91.1] 53.00 52. 25 
old 4 

15 43 58 | 18.9 PB52 |52250 25. 0 78 40 | 96.4 87.1 | 54.25 51.25 

17 35 65 | 19.4 18.1 | 19.5 27.0 76 23 | 94.7 73.9 | 55.00 50. 50 

18 36 40 | 19.7 19.4 | 20.5 23.5 73 53 | 95.2 89.5 | 54.00 53. 00 

16 37 41 | 20.2 19.3 | 23.0 19.0 69 61 | 92.3 89.4 | 53.50 54. 00 

Aen ee 8 TOvIEREA.. - 1D Oloscece IPB Ne Sacon olla eee CPE A laeerakn se 50. 50 

1923 40 66 | 19.5 20.2 | 20.5 27.0 71 335) 95: 1 omelet seeD 49.75 

MVS || S326 BR PENG ee a 22. 0 23.0 69 60 | 94.6 OVE 253250 52.75 

21 40 84 | 20.0 19.0 | 20.0 32.0 74 27 | 93.8 64.0] 53.25 49, 25 

22 48 81 | 21.0 19.0 | 21.0 39.0 68 26 | 89.7 PLN O25 1) 49. 50 

23 42 79 | 20.3 19.4 | 20.0 29.0 69 36 | 95.7 TPES | BS OS 48. 50 

24 48 70 | 20.3 20.2 | 19.5 39. 0 72 UA) CRE 48.6 | 52.25 51. 00 

25 39 58 | 20.2 19.6 | 21.5 23. 0 78 59 | 96.6 87.6 | 58.50 51. 50 

# jas 40 5S) |) PSC 20.8 | 21.0 24.0 75 61 | 97.2 GORSa Fe o2nS O1R25 

() 

27 36 44 | 19.4 18.8 | 22.5 20.0 63 53 | 92.5 93.5 | 52550 52. 00 

28 38 42 | 19.7 20.0 | 22.0 19.0 71 77 | 91.8 93.3 | 51.50 45. 50 

29 36 38 | 19.4 GE 5) PAL 19.0 73 69 | 92.1 CPE Bill SEL Nowano oo. 

30 37 38 | 18.4 19.2 | 25.0 2355) 60 59 | 95.4 88.0] 54.00 A OFS 

31 36 38 |-19.3 19.0 | 23.0 20. 0 62 70 | 94.9 OO b3e25) te 705) 

32 38 62 | 17.8 TRS 7] oD 55) 25. 0 76 55 | 89.6 82.9 | 55.00 53. 50 

33 38 42 | 19.2 19.0 | 20.0 18.0 73 76 | 92.2 94.8 | 48.00 53. 00 

4 7 65 | 17.6 W767 || Pale 24.5 74 48 | 95.0 OP Gal GeO Nsceasocean 
Hold 6 

5 a 39 | 18.8 18.5 | 20.0 19.0 80 86 | 91.5 90.8 | 54.00 53. 00 

36 38 59 | 19.0 19.2 | 20.0 18.0 84 74 | 93.9 91.3 | 55.00 53. 50 

37 38 60) sce LONOU PEL Se PM, 0) lao seoe (OF eoneee SOUGu eA acs 52. 50 

38 37 VW 88a sox TE Tea laces DIION ees, sale Galera COO Geseeee 52. 50 


Hold 3 was entirely filled with corn. A small amount of the corn 
along the starboard side at the top was hot and damaged, as is 
shown in figure 33. It will be seen that samples Nos. 39 and 40 taken 
from this hot corn each had a temperature of 118° F. and an acidity 
of 32.5 c. c. in the first and 29 c. c. in the second sample. None of 
the kernels in sample No. 39 would sprout, and only 1 per cent of 
sample No. 40 had any vitality. There was a steam pipe opposite 
this hot corn which ran along the deck close to the hatch. This 
steam, pipe carried live steam to the winches along the deck and 
was under pressure of steam during the first few days after the hold 
was filled with corn and again for a few days at the end of the voyage 
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before the corn in this hold was discharged. Compared with the hot 
corn, samples Nos. 6 and 7, taken from the corn near the surface 
on the port side of the hatch, had a temperature of but 57° and 59° F., 
an acidity of only 23 c. c. each, and a germination of 54 and 52 per 
cent, respectively. None of the remaining samples taken from the 

hold had a temperature higher than 59° F. 
Hold 4 was about half filled with corn. In the lower part of the 
hold there was a water tank, extending across the hold against the 
forward bulkhead, 
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: : 2 opposite the engine 
ee aS So = a5 Siar oe 
Soe St < <3 2 == Tour The corn 
= e x . ° 
27 = & & 2 & § = stowed immediately 
7 § Ss 8 s ak = St bie ae a : 
gp roeee —___smeum = < 3 5 agamst this tank 
Bs 30 oor : 325 0 39 > é : 
sa. = . was heating at the 
2 end of the voyage 
= eI Oa oe 
but was only slightly 
| § ee discolored. That 
Sieh eon. 5-45 Se ee ° a a . eS = a portion ot the corn 


which surrounded 
200 65 #13 et 
zoo 67 1% the shaft tunnels 
Was more damag 
Fig. 33.—Cross-seciion of hold 3, cargo No. 4, showing location of heai- ged 


damaged corn in the upper part of the hold opposite a steam pipe on than the corn locat- 
the deck. Heavy shading represents heat-damaged corn as dis- ed toward the sides 


charged. (Cargo No. 4) athe holt The 
averages for the samples taken from the corn located at a height even 
with the top of the shaft tunnels areshownin Table 23. Itwillbeseen 
that those samples which represented the corn stowed next to the water 
tank had on an average a higher temperature by 23° F., more acidity 
by 10.3 ¢. ¢., Was poorer in germination by 33.2 per cent, had less 
sound kernels by 29 per cent, and had a lower test weight by 3.1 
pounds per bushel than sample No. 20, which represents corn stowed 
some distance back from the tank and away from the shaft tunnels. 


TABLE 23.—Averages for the samples taken from the corn at tunnel height. 


— = 
ait Weight 
Samples located at tunnel height hold 4. | Temper-| 4 cigity, | Cemmr Sound 
/ 
j 


| ature. ae | nation. | kemels. Faia 

| a oe ec. | Per ceni.| Per cent. \ Pounds. 
Apamst tank (Nos) 21, 22593, 24)! <3 | 76 33.3 | 26.8 re is 49.60 
Free from tunnels and tank, N “ag | eke A ee SEE Te | 3 23.0 60.0 91.7 | 52.75 

i 


1 Data represent averages for these samples. 


That part of the corn at the surface (in hold 4), which was located 
next to the engine-room bulkhead over the water tank, was out of 
condition, being sour, moldy, and “packed.” Compared to the con- 


next to the tank 


“ri 7s 
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dition of the corn at the surface, which was located back some dis- 
tance from the bulkhead, the corn stowed against the engine-room 
bulkhead had, on an average, a higher temperature by 21° F., a higher 
acidity by 4.8 c. c., and lower germination by 25.5 per cent, less 
sound kernels by 8.9 per cent, and a lower test weight per bushel by 
2.6 pounds. 

Hold 5 was nearly three-quarters filled with corn. In this hold the 
corn ranged from 38° to 65° I’. in temperature, 18 to 24.5 ¢c. c. in acid- 
ity, 48 to 77 per cent 
in germination, and 
82.9 to 94.8 per cent in 
sound kernels. The 
corn was in good con- 
dition when discharged 
except for a small 
amount located near 
the shaft tunnels, which 
was slightly out of con- 
dition. Of the corn lo- 
cated at thesame height 
as the top of the tun- 
nels, that which was 
stowed on and between 
the tunnels had, on an 
average, a higher tem- 
perature by 6° F., a 
higher acidity by 4 c¢.c., 
a lower germination by 
11.2 percent, lesssound 
kernels by 16.1 percent, 
and a lower test weight 
per bushel by 0.5 pound 
than the corn stowed 
half way between the 


tunnels and the outside =3=COND/TION OF THE CORN AS LOADED 
of the hold, as shown EEEB=CONDITION OF THE CORN AS DISCHARGED 
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RANGE INTHE TEMPERATURE OF THE CORN AS DISCHARGED- °F 
(AVERAGE TEMPERATURE OF THE CORN AS LOADED 37.6 F-RANGES47048F) 


in Table 23, Fic, 34.—Correlation of the temperatures and condition of the 
Hold 6 was about corn as loaded and as discharged. (Cargo No. 4.) 
one-half filled with corn. The corn as discharged ranged from 
39 to 60° F.in temperature, 18 to 21 c. ¢. in acidity, 64 to 86 per 
cent in germination, and 89.6 to 91.3 per cent in sound kernels. 
The condition of the corn in this hold, like that in hold 5, was 
sound when discharged except that a small amount of corn stowed 
next to the shaft tunnels was slightly out of condition. Table 22 
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shows the condition 


(MOT CORN 
[]*GOOL GORN 


HOLD & 


discharged in Europe, 


of each sample taken as the cargo was being 


(Cargo No. 5.) 


The heavy shading represents heat-damaged cornas discharged, 


35,—Diagram showing arrangement of the sleamshipand stowage of the cornin holds, 


Wra, 


loaded and as the cargo was being dis- 
charged. 

The correlation of temperature changes 
and changes in condition of the corn-is il- 
lustrated in figure 34. 


CARGO No. 5. 


Cargo No.5 consisted of 185,571 bushels 
of natural corn. The corn was loaded April 
20 to 24,1911. The steamship sailed April 
25 and arrived at Dunkirk, France, May 13, 
where the corn was discharged from May 
18 to 27. The length of the ocean voyage 
was 18 days. The maximum time that any 
of the corn was in the vessel was 38 days 
and the average time 31 days. This cargo 
was not accompanied to Europe, but was 
thoroughly sampled at time of loading in 
America and again at time of discharge in 
France. 


STOWAGE OF THE CORN. 


The steamship had five cargo holds, as 
shown in figure 35. This shipment was a 
full cargo, each hold being entirely filled 
with corn. 


CONDITION OF THE CORN AS LOADED. 


The condition of the corn as loaded is 
shown in Tables 24 and 25. The averages 
for the various factors of the corn as loaded 
were as follows: Moisture content 19.2 per 
cent, acidity 24.4 c. c., germination 59.1 per 
cent, sound kernels 95.2 per cent, and weight 
per bushel 53.4 pounds. The corn at the 
time of loading had an average tempera- 
ture of 38° F. 


TEMPERATURE CHANGES DURING THE VOYAGE AND 
CONDITION OF THE CORN AS DISCHARGED. 


As already stated, the steamship carrying 
cargo No. 5 had each of its five holds entirely 
filled with corn. As the cargo was being 


it was found that the corn in the upper portion 


- 


trated in figure 35. 


poor in condition. 


and 64 to 138° F. in hold 5. 


Hold. 


Hold 1: 


Hold 2: 
ASHOaded he (2485S Secte this. 
ASIGISCHAL ECC eases aeeae - 
Hold 3: 
INS NoAd eds 52. noe 
AS GISCHALP CC ave = o= sees 
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INS loa dedi sais beset. 8 5 43 
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bottom. 

Temperature. 

Hold and 2 

sample No. 3 = 

ro cS 
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Ft as 
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Hold 1: oF, Lol ihe 
PAS et Be on ee 138 
Vee AP MN 135 
QOS steAiot ye Seis 85 
Es, Se ae 138 75 
DR 0 ofr c 61 
BR oe ot Eee ede 63 
DER BG Hoe 59 
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D9 2 oc errs Sees 138 
A eee 133 
Cele oes oe So | 139 
SOc cccieteee 142 
rie emacs oS 115 
Bye 2 wie Samer 4 82 
Oo wee eh eee 91 
opi eee Ge OS 61 


JSS (OG (0 | ee Se re ae 
AS discharged: <= 2-2... sess 


ASidischarved =. eae nas) see 
5: 


‘As loaded ae NARS 2 hee 
Aisidischargedisss.c8 2i8. kb 


Tempera- | Moisture +a. 
ture. content. Acidity 
OTK, Per cent. Gace 

138.0 19. 4-19. 8 23. 4-28. 0 
590-1380); | Aas as Soke 28. 3-48. 6 
138.0 18. 6-19. 7 19. 8-27. 4 
G1 0=1425 OMS ee 25. 4-69. 3 
138.0 | 18.8-19.7 | 22.6-28.6 
LOA ONOR eens. 29. 1-72. 7 
138.0 16. 6-19. 6 21. 2-25. 4 
59K0=140! OF Beeson ee 23. 7-67.1 
138.0 19. 2-20. 1 23. 2-24. 4 
6480-13850 Ree eee 26. 7-71. 4 


1A verage temperature for the cargo. 


v2) 
3 
Acidity. Germination. 

i 

og Bl ee 

SSeS ese et 

Sell Eten Seem ANE la oS 
3 | 8 = £ 3 

Ss a D D a 

P= < < < <q 
P.ct.| ¢.c CQO, \I2ser ACES 
See Mira lates BON So ebe 0 

19.4 | 28.0 48.6 45 0 
Beha 3 hee Bist lic Beene 24 

19.8 | 26.2 39.7 53 36 
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19.6 | 23.4 30.8 63 34 
storestars oes oct DRE Noort 36 
fal atelalsl| le eetaror G58 5 | See 0 
19.7 | 27.4 52.4 56 0 
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bra Ss bay e)|| eae ee Be Onlisaacinc 0 
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1 Average for the hold. 
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of each hold was badly damaged. This damaged condition ig illus- 
As will be seen in Table 24, the temperature of 
the corn as discharged ranged from 59° to 138° F. in hold 1, 61 to 
141225)in hold 2°53. to 140° F. im hold 35°59 to 140° F: in hold 4, 
The temperature in a general way was 
the highest at the surface of the corn and decreased toward the 
bottom. It will be seen in figure 36 and Table 25 that all of the corn 
in the lower portion of the holds was not hot, but the corn was very 


TABLE 24.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 5, as loaded and as discharged, by holds. 


Germina- Sound Weight 
tion. kernels. |per bushel. 

Per cent. Per cent. | Pounds. 
45.0-63.0 | 85.7-95.9 | 53.0-53.5 
0-52.0 0-90.2 | 48. 5-53. 5 
56.0-72.0 | 92.0-97.0 | 54.0-54.5 
0-36. 0 0-73.9 | 48.0-53.3 
45.0-62.0 | 91.0-96.0 | 52. 8-53.8 
0-62. 0 0-69.2 | 46.5-53.5 
56.0-74.0 | 94.1-98.8 | 53.0-53.8 
0-64. 0 0-87.2 | 47.0-53.3 
48.0--65.0 | 94.8-98.2 | 52.5-53.5 
0-44.0 0-68.6 | 46.8-51.5 


TABLE 25.—Condition of the corn in cargo No. 5 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 


a nS OE EE EEE Ea 


Weight per 
bushel. 

cs) 

o 

: iy 

g[ce 

8 a 

& cs) 

n n 

< <q 

Ibs. Lbs. 

Bee see ee 48. 50 
53.00 49. 25 
sea Daca sratever= 51. 50 
DonZo 51.00 
Fe ae 52. 25 
53. 50 58. 25 
eae Be aja 52. 50 
aya emyerateiscs 48. 00 
54.25 48. 50 
54. 50 51.00 
Wanrecereravets 48. 50 
BC are ae 52.00 
Asch Ae ent 50. 50 
Re ee 50. 00 
54.00 53. 25 
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TABLE 25.—Condition of the corn in cargo No. 5 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom—Continued. 


2 ect 
Temperature. | _ ~ Acidity. Germination. sound kernels wees 
E | 
ee ected | ae = = = 
Hold and o | o2- | =o: a 5 S 
sampleNo. | = = |o3|\¢ | a ee B peg dco < = 
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i ee ies: | Rams cy bee a a Gago Tees meee Pe viene iaea geen 52.50 
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J0-€% Pes 95 | 18.8 | 25.8 | 32.4 | 45 38 | 96.0} 50.6] 53.75] 52.50 
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1s Gee 77|16.9{ 23.31 29.9] 66 38} 9411 786] 53.251 52.00 
ee See 74 19.4125.4] 40.2] 6 26 | 97.9 60-1] 53.75] 51.50 
ig pe oF ws 138) 9 19.6 | 23.0| 326] 56 12/988] 45.4) 58.00] 51-00 
een a + eae Eaese ay Bee, PSR Se lee ee ore es Se | 53.00 
Cy eae a aE i 72 | 19.6 | 22.8 25.4| Gl 38 | 97.0 56.7| 53.25| 52.25 
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1 Average jor the hold. 


As is seen from cross section of hold 1, in figure 36, the corn in 
this hold as discharged ranged in temperature from 138° F. near 
the surface to 59° F. in the lower part of the hold. The heat- 
discolored corn extended from the surface to a little over one-fourth 
down in the hold. The two samples taken from the heat-discolored 
corn, sample No. 25 from a short distance below the surface and 
sample No. 1 from the lower portion of the hot corn, had tempera- 
tures of 138° and 135° F. and tested 36.4 and 48.6 c. c. in acidity. 
None of the kernels in either sample would germinate. Only one 


sample taken from the corn that was not heat-discolored tested 


under 30 c. c. in acidity. This sample, No. 28, was taken about 7 
feet from the bottom of the hold. It had a temperature of 59° F., 


Ce hn nee ea ae, 
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tested 28.3 c. c. in : w 
te 4: CE rR rn g 
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| tested 30.8 ¢. c. in ., 
acidity, with a germi- 
nation of 34 per cent. 
Sample No. 26, taken 2 o ess 
from the upper part 
of the corn that was 
not heat discolored, 
had a temperature of 
Bl PF bestediSeK, Cxe! 259 9 S81509 
in acidity, and germi- 
nated 24 per cent. 
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with one exception, tested over 30 c.c. in acidity. Sample No. 6, 
taken about 7 feet from the bottom, tested 25.4 ¢. c. in acidity, but 
sample No. 33, taken about the same distance from the bottom but 
on the opposite side of the hold, tested 39 c. c. im acidity. 

Hold 3 was one deck higher than the remaining holds in the vessel. 
In this hold the heat-discolored corn extended from the surface to 
about halfway down in the hold. The temperature of the corn, as 
is shown in figure 36, ranged from 140° F. in the heat-damaged corn 
in the upper part of the hold to 53° F. near the bottom on the star- 
board side. Only one sample, No. 8, in the heat-discolored corn, 
showed any vitality; 1t germinated 6 per cent. Two samples taken 
from the lower part of the hold, Nos. 39 and 11, tested 2 per cent 
and 6 per cent in germination. Both were high in acidity, testing 
43.8 c. c. and 41.6 c. c. in acidity. Two samples, Nos. 38 and 40, 
taken from the lower half of the hold, tested under 30 ec. ¢. in acidity. 
Sample No. 38, taken from the upper part of the corn that was not 
heat-discolored, tested 24.3 c. c. in acidity and germinated 62 per 
cent, while sample No. 40 taken about 5 feet from the bottom on the 
starboard side tested 29.1 c.c. in acidity and germinated 28 per cent. 
Sample No. 34, taken from the corn at the surface, showed the 
highest acidity test. This sample had a temperature of 138° F., 
tested 72.7 c. c. in acidity, and contained no corn that would germi- 
nate. 

As will be seen from figure 36, the temperature of the corn in hold 
No. 4, as discharged, ranged from 140° F. at the surface to 59° F. in 
the lower part of the hold. Only one sample, No. 43, taken from the 
heat-discolored corn in the upper one-fourth of the hold showed any 
vitality; it germinated 6 per cent, tested 57.6 c. c. in acidity, and 
had a temperature of 131° F. Sample No. 42, taken from the corn 
at the surface, had a temperature of 140° F., tested 67.1 c. e. in 
acidity, and had no corn that would germinate. The heat-discol- 
ored corn extended about one-fourth the distance down in the hold. 
The corn in contact with the shaft tunnel in the lower part of the 
hold was more sour, packed, and moldy than that surrounding 
it, but it was not heat-discolored. Thesame condition extended along 
the shaft tunnel in hold 5. 

The condition of the corn in hold 5 was very similar to that in hold 
4. The heat-discolored corn extended about one-fourth the distance 
down from the surface, and the remainder of the corn in the hold 
was very poor in condition. Sample No. 48, at the surface, had a 
temperature of 138° F., tested 57.7 c. c. in acidity, and had lost all 
vitality. Sample No. 24, taken from the bottom, had a tempera- 
ture of 64° F., tested 40.5 c. c. in acidity, and germinated 24 per cent. 
The condition of the corn that was not heat-discolored varied greatly 
at different positions of stowage. Sample No. 50, which was taken 


| 
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from the bulk corn just under the heat-damaged position, had a 
temperature of 69° F., tested 26.7 c. ¢. in acidity, and germinated 


28 per cent, while sam- 
ple No. 22, taken 
from the corn nearly 
halfway down thehold, 
had a temperature of 
POM on., vested 4.5-C. Cc. 
in acidity, and germi- 
nated 10 per cent. 
Sample No. 50 was the 
only one taken from 
the corn in this hold 
which tested under 30 
€ cm acidity, and 
only two other sam- 
ples, Nos. 21 and 51, 
tested under 40 c. c. in 
Acidityves  Pable 126 
shows the average con- 


_ dition of the corn in 


the cargo as loaded 
compared with the av- 
erage condition of the 
corn which was not 
heat damaged and of 
that which was heat 
discolored, as dis- 
charged, the average 
being based upon the 
samples that were 
takenfrom the corn,the 
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(AVERAGE TEMPERATURE OF THE CORN AS LOADED 38 F) 


RANGE INTHE TEMPERATURE OFTHE CORN AS DISCHARGED-F- 


=CONDI/TION OF THE CORNAS LOADED 
CONDITION OF THE CORNAS DISCHARGEL 


Fic. 37,—Correlation of the temperature and condition of the corr 
as loaded and as discharged. (Cargo No. 5.) 


positions of which are illustrated in the diagrams in figures 35 and 36. 


TaBLe 26.—Showing the average condition of the corn as loaded, the average condition 
of the corn as discharged, and the average condition of the heat-damaged corn as dis- 


charged. ; 
F Weight 
Temper- vais Germi- | Sound 5 
Stage. Acidity. F per 
ature. nation. | kernels. Bishet 
peli C.C. Per cent. | Per cent.| Pounds 
MVELApe AS loaded eet CYA Ss SSO PL Bh ay 38 24. 4 59. 1 95. 2 53. 4 
Average of cool corn as discharged................... it 35. 6 29. 0 56. 8 51.6 
Average of heat-damaged corn as discharged......... | 130 55.9 1.0 150) 48. 8 
} ' } 


It will be seen in the table that there was considerable deterioration 
during the voyage in the corn that did not become heat-discolored 
and that the corn which did become heat-discolored was very badly 


damaged. 
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The correlation of temperature changes and changes in the con- 
dition of the corn is illustrated in figure 37. 


CARGO No. 6. 


Cargo No. 6 consisted of 200,270 bushels of corn, part of which was 
natural corn and part of which was artificially dried corn. It was 
loaded March 21 to 27, 1911. The steamship sailed March 28 and 
arrived in Rotterdam, Holland, April 17, where the corn was dis- 
charged from April 18 to April 22. The length of the ocean voyage 
was 20 days; the maximum time any of the corn was in the vessel 
was 32 days; and the average time was 27 days. 


STOWAGE OF THE CORN. 


_ The steamship had five cargo holds, as is shown in figure 38. This 
shipment was a full cargo, each hold being entirely filled with corn. 
Holds 1, 2, 3, and 5 were filled with natural corn, and hold 4 contained 
artificially dried corn. 


CONDITION OF THE CORN AS LOADED. 


The condition of the corn as loaded is shown in Tables 27, 28, and 
29. It will be noted from Table 28 that, on an average, the dried 
corn in hold 4 had a temperature of 50° F., was relatively high in 
acidity (27 c. c.) and low in germination (45.6 per cent), but had a low 
moisture content (15.6 percent). Sound kernels, as determined by 
mechanical analysis, averaged 92.5 percent. The natural corn in the 
remaining holds of the cargo had an average temperature of 42° F., 
acidity of 24.3 c.¢., germination of 65.3 per cent, and 95.7 per cent 
of sound kernels, but was high in moisture content, which averaged 
20.2 per cent. | 


TABLE 27.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 6 as loaded and as discharged, by holds. 


Tempera- | Moisture | Acidity. Germina- Sound W eight 


Hold. ture. content. tion. Kernels. jper bushel. 

Hold 1: SE. Per cent. ee Per ceni. Per cent. Pounds. 

AS NGaded te So Bs Aes Fe ee 41.0— 50.0 | 19.7-20.6 |] 22.5-24.2| 63.0-76.0 | 93.7-96.3 | 52.5-53.8 

ae discharged - 223i iS52 22 42.0— 53.0 19. 0-20.0 | 26. 3-41. 4 16. 0-55. 0 53. 4-83. 8 49. 5-51.0 
Hold 2: 

INS 10RD CE so2 eee Pe 39. 0— 49.0 19.2-20.4 | 21.9-27.2 | 52.0-73.0} 95.4-97.7 | 53.0-53.3 

+ 2 discharged -=222. 222.2632: 45. 0-140. 0 15. 0-27.0 24. 8-65. 2 0-50. 0 3. 2-93.7 46. 0-52.0 
old 3: 

‘As loaded 2 o-5s ieee 8 37.0- 40.0 | 20.1-20.9 | 22.9-24.4 | 61.0-82.0 | 94.0-98.0 | 52.0-53.0 

- ce discharsed:. - 22822-2234 44.0-140.0 | 17.6-20.4 | 22.8-59.5 0-55. 0 1.5-76.1 | 45.5-51.0 
old 4: 

‘As loaded 22.8.2 ee | 43.0- 56.0 | 14.7-16.3 | 23.2-31.0] 24.0-61.0! 86.1-96.5 | 53.0-54.8 

= aS discharced=. = 50. 0- 85.0 14. 4-16. 2 25. 5-32. 7 7.0-52.8 | 57. 9-95. G 52. 0-53. 5 
old 5: 

(As .leadeds = as") f aaa 40.0- 44.0 | 19.7-20.9 | 22.4-28.6 | 56-0-73.0 | 93.9-97.1 |} 52.0-53.5 

As discharged .............- 44.0-120.0 | 18.8-21.0 | 22.9-54.9 | 5.0-66.0 | 35.3-97.3 | 47.5-52.3- 
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Tasie 28.—Average condition of the dried corn and of the natural corn in cargo No. 6 as 


loaded. 
é A Weight 
js Temper- | Moisture Aa Germina-| ~—Sound. ‘ 
Kind of corn and where stowed. eeaee all etetteat | acidity. ||. “arenes | ekenels. ie 
° FS | Per cent. (OXG, Per cent. | Per cent. | Pounds. 
med. cont old wa ssh fis. 23 ose teks. te 50 iy 7 27.0 45.6 92.5 53. 91 
Natural corn, holdsi253\ and! rere mes eee 41 20. 2 65.3 95.7 53.00 


24.3 
| 


TABLE 29.—Condition of the corn in cargo No. 6, natural corn, as loaded, and the change 
incondition while the corn was in the vessel—samples taken in order in the holds from 
top to bottom. 


Tempera- | Moisture sie Germina- Sound Weight per 
ea content. Acidity tion. Kernels. bushel 
Hold, kind of corn, and 2 3 3 2 3 2 
"Sample No. <= 3 i rd Ri ro a a od =I 
i] ie a Si a Ra & q oe A oy A=! 
ue) 3) us) 3) ue} 3) re} 3) ue) 3) uo} 3} 
3 QB s D s D S QD S DQ Ss a 
Si oS rad cs] oS cs) = | = I = | 
nm wm wn ~m Nn n n 
< <q oe 4 oe <q < <q <q <q 4 <q 
Hold 1, natural corn: CoE eae ite Wega Clem |Pban CE C2 Gaul CaGeelelenCha|tincta| deaCho |) eh Chal) Lapse Welaose 

fPee SEE ES Pa Oe eee a oi 45 53) 20! 4° | 19.10 17222 5+} 26. 64 55 | 93.7 1 85.8 | 53.00 | 50.50 
De aN a et We eee sa OAPI eae el Palme eas | A eee cat OBS OE eres 522008 | aes 
ARISE te) bere RASS Oo: 5OHes. ee 12) 7( hes ATES 2 See | Oem | ee Obs [ek ieee Do 5 | eee 
/ NE einen Sipe e et 44 BO eZONGNe 2020) 235 0) | a9n3 64 16 | 94.7] 53.4 | 53.25 | 50.00 
eas EES 2 RE hemes ae 41 42 | 20.2 | 19.5} 22.9 30.8 63 26 | 94.8 | 69.5 | 53.25 |...... 
GPs Se Cee See iee 44 49 | 20.6 | 19.7} 24.2] 30.2 76 26 | 94.0 | 64.4 | 53.75 | 51.00 
YiEG. 5 BRS (SR pit pomreeie BE 41 45; 19.9 | 19.8 | 23.8) 41.4 72, 19 | 96.3 | 62.5 | 53.00 | 49.50 

Bole 2, natural corn 

5 Ae Ee et ok IAAL 1) | eas ee ONS eel GE eee Cal | Bes real aa pa IS) eine > eral ar, Va 7s 
a Re eae See 40 50520) 1) 19562 2325))\ 3327 61 46 | 95.4 | 80.4} 53.00 | 50.75 
OLS ER EE FU EA 49 57 | 19.8 | 19.8 | 22.9 | 47.9 66 16 | 97.7 | 65.6 | 53.25 | 50. 50 
THe Go Mies ry yl eee ons ae mee LOOn|Baeeee PAU Bieter AS (ules eee Oe HOSS HATE ae eee 
[ib mee BLASS 2 SE ont 8 | ee per: DO ese ae Os aes 81 Ovo: |e Owinemese HOMO E| Sey ae | eee 
URE Shere he are Sie een oor eae NEO le seas PAW POA eed al tide el oak es Ogres pa Ae| Minas Se ae 46. 00 
AT AR ee RA Ry eee coke 39 49 | 19.2 | 19.0} 27.2} 24.8 66 50 | 96.8 | 93.7 | 53.25 | 52.00 
1 [Gt Se eee a LT er a 40 45 | 20.4 |] 19.8 | 25.5} 31.5 52 PAs 71) BS AL GSE ON Sagoo 

GST Sas Reg oe ey 46 93 | 20.1 | 19.4 |} 21.9 | 38.7 73 22 | 96.1 | 55.9 | 53.00 | 50.50 

Hold 3, natural corn 

it eee TENS RE ares 40 98 | 20.4 | 20.4 | 22.9 | 42.2 68 18 | 97.4 | 42.6 | 53.00 | 49.50 
tL Sega ae ie ee 3 40 140 | 20.9 | 17.6 | 24.2 | 59.5 62 0| 94.0 1.5 } 52.00 | 45. 50 
MOR See SAS STEEL TT ae BS NBS A eA Eee ee ASG: leone: O) ees OE ON eine eee 
Til a 38 alae eS as eo See 40 EZOR WP 20yon Loa G eae loose 61 0} 95.7 8.3 } 53.00 { 50.50 
} pea ed SARS NY Sede al 38 aL I PAULL f TS) 7/ GC PB S31) BRO) | @ 743 28 | 95.6 | 50.8 | 53.00 | 50.00 

We Ey Cena" See METS, Bi/ 44 | 20.1 | 19.4 | 24.0] 22.8 82 55 | 98.0] 76.1 } 53.00 | 51.00 

Hold, 4, dried corn: 

Bs ie colnet IS Le 53 80 | 15 5.| 16.0 | 24.4 | 29.7 48 29 | 94.4 | 65.71 54.75 | 52.50 
a Rf St See eee eed 54 54 | 16.0 | 15.4 | 31.0] 32.7 47 46 | 88.4 | 85.7 | 54.50 | 53.50 
PT Le eget aete > ahem ne aaa ae Ne 51 Ga Lorre plan Selene 30.5 44 29} 86.1 | 63.9 | 54.00 | 53.50 
OAT a Sige ae, BS ee Se ea || 0 ee SOs Sees SAE st res 26563 |eeae ae (| (eee GS Oa se ees eee 
FU i=, CRIS 48 53 | 16.0) ) 14.4 | 26.8 | 27.6 58 52 | 94.9 | 95.6 | 54.25 | 53.50 
DOERR) AEs esas eae eS ah a) 54 HOP Mos LOY aa) Zonenl ie 56 42 | 96.5 | 75.7] 54.50 } 53. 50 
oO eee int 0 ea eee te 50 DOM ALGO MM SiS leeta Ou cons 55 BOO 2h sh leeds (254625) bon 50 
ORs Seer Cue he ree . 56 55 | 16.2 | 15.6 | 23.6} 26.4 61 50 | 95.4 | 90.6 | 54.75 | 53.50 
6) oe ae ee eC 53 66 | 15.7 | 14.6 | 25.9) 25.5 36 33 | 94.9} 91.8 | 53.50 | 52.50 
VAG 8 7 Boe Bist EAS BURL Son 08 49 52] 16.3.) 15.0) 29.3. 25.6 58 52 | 87.1} 89.3 | 54.00} 52.50 
DOR Sateen ee eet ee heat Bi erro Peete cle ase: Sirs eee 28h ae L7h4 OY Nees ee 
SUE Peewee SSS Be aS ag Be, 50 Wie LOL Ona ae ae 26.2 | 28.7 44 21 | 95.1 | 76.'3| 53.00 } 52:00 
Sia Seer ene eae 43 Oe An cel) LosO |) 2ON6) 1030) 1 24 32)| 9257 | 8719) || 53.25) | 52.00 
SACS Se dee eR See Bs Sea hy a 49 Soe lo ORs a 27eOnl 272.0 39 35 | 91.9 | 88.8 | 53.25 | 52.00 
Pe Pee apc eee ae 53 61 | 15.3 | 15.4 | 26.9 | 29.9 36 28 | 92.7 | 91.0] 53.25! 52.00 

Fi Se Ae ae fe eee eee 48 OIF oseadleseee | end al 29D 32 18 | 92.3 | 79.8 | 53.50 | 52.00 

Hold 5, natural corn: 

Sik SIs SRO ee a 41 65 | 20.5 | 20.4 | 28.6} 43.8 66 12 | 97.1 | 58.4 | 52.50 | 49.00 
AA) ERD pe ONO neg ra ae 41 5d | 19.6 | 19.0 | 26.9} 25.8 57 55 | 94.8 | 91.0 | 53.50 | 52.00 
“die Oe Oa Pelee eRe ota ed 42 55 | 20.7 | 20.0 | 22.0} 28.3 60 35 | 95.1 | 81.0] 53.50 | 51.00 
OAS aL ae aa Spee eee te ZO eee PAO }4) Penne AGS OMe Seen: 1 (0) eae BY50) IGecaear 47. 50 
CSB 5 3a 8 oS Ses er eae 41 50 | 20.2 | 18.8 | 25.6} 37.1 56 33 | 94.0) 77.0] 52.75 | 51.25 
ne eso en ee ten 42 Ad | 20.5] 19.7 | 25.3 | 39) 7 61 Sele 955 Oh eGD..9:1) 05.25) 1) 00,50 
CG SA ee eee es) oe Bee Dee 44 70 | 20.1 | 19.8 | 27.8] 54.9 62 15 | 96.1 | 45.4 | 52.50 | 49.25 
AGUS i ce iia EM =e 41 54 | 20.1 | 19.6 | 24.1 | 27.3 58 66 | 96.1 | 97.3 | 53.25 | 51.00 
BSS Set We S34 8 So ae | 41 44 | 20.9 | 19.6 | 23.0] 25.6 63 39 | 96.8] 55.7 || 52. 75 | 52:25 
2 ae ee te ee ep 40 ZT hal | PADRE || Tie te ODL te) 73 65 | 93.9 | 87.9 | 53.50] 51.50 
AQ ROA SS teeth stip | 40 44 | 19.9 | 18.9 | 25.2 | 48.7 69 5 | 96.0 | 45.8 | 52.00 |} 51.25 

A EPS eae Nga SE ER (TS est bere een 
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From this it is seen that although the tests for acidity, germination, 
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Pid, 38.—Diagram showing arrangement of the steamship and stowage of the corn in holds, 


(CarZzo 


The heavy shading represents heat-damaged corn as discharged. 


No. 6.) 


and sound kernels showed the dried 
corn to be poor m quality, its mois- 
ture content was lower by 4.5 per cent 
than natural corn. 


’ 
TEMPERATURE CHANGES DURING THE VOYAGE 
AND CONDITION OF THE CORN AS DISCHARGED. 


During the voyage the temperature 
of the corn in various positions of stow- 
age was recorded each day that the 
weather permitted. Some of the ther- 
mometers were read before the vessel 
sailed, and some were read for some 
days after the steamship arrived at its 
port in Europe. The location of the 
various thermometers and the changes 
in temperature at those positions are 
shown in figures 39 to 46, inclusive. 
The maximum temperatures found in 
the corn as discharged were 53° F. in 
hold 1, 140° F. in hold 2, 140° F. in 
hold 3, 85° F. in hold 4, and 120° F. 
inhold 5. These were higher than the 
maximum temperatures of the corn as 
loaded by 83° F., 91° F., 100° F., 29° F., 
and 76° F., in holds 1 to 5, respectively. 
Hold 3, however, was the only one con- 
taining any large amount of heat-dam- 
aged corn. 

In hold 1 the temperature of thecorn 
in various positions of stowage changed 
but little during the voyage, except 
along the sides of the holds, as shown 
by the temperature records in figure39. 
As is shown in Table 29, each sample 
that was placed ima wire container as 
the cargo was loaded tested lower in 
quality at the end of the voyage than 
at the beginning of the voyage in every 
factor except moisture content. Only 
one sample, No. 1, tested under 30 
c.c.inacidity. Thissample was taken 
from the bagged corn a short distance 


under the surface and tested 26.3 c.c.in acidity, 55 per cent in germi- 
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nation, 85.8 per cent in sound kernels, and 50.5 pounds in test 
weight per bushel. Sample No. 7, taken from near the bottom of the 
hold tested 41.4 c. c. in acidity, 19 per cent in germination, 62.5 per 
cent in sound kernels and 49.5 pounds in test weight per bushel. The 
corn at the surface and along the sides of the hold for a short dis- 
tance down from the top was somewhat sour, moldy, and packed. 
In hold 2 some of the corn became badly heat damaged. This 
damaged corn was 
found in uneven 
spots on the star- 
board side near the 
after part of the hold 
and extended from 
the surface to nearly 
halfway down in the 
hold. There was also 
a small portion that 
was damaged along 
the forward bulk- 
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from thisholdranged 
from 45° to 140° F. 
Sample No. 8, taken 
from the heat-dam- 
aged corn just under 
the top deck on the 
starboard side, had 
a temperature of 
140° F., and tested 
65.2 c. c. in acidity 


and 6 per cent in ger- 


mination, while sam- Fie. 39.—Hold 1: Temperature records of electrical resistance ther- 
1 N d mometers; location of the thermometers in the hold; and samples 
ples INOS. 9 and 10 ) secured at Rotterdam. NHeayy shading represents heat-damaged 


taken from near the ©. (Cargo No.6.) 

same height in the hold but near the shifting boards in the center, had 
temperatures of 50° and 57° F. and tested 33.7 and 47.9 c. c. in acidity 
and 46 and 16 per cent in germination, respectively. Sample No. 13, 
taken from the heat-damaged corn, 15 feet below the surface, had 
a temperature of 130° F., tested 57.4 ¢. c. in acidity, and no kernels 
sprouted in a germination test. Sample No. 11, taken from near 
the outside wall of the hold on the starboard side, had a temperature 


- 


—— 
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of 100° F., tested 48.7 c. c. in acidity, and none of it would germinate. 
Sample No. 14, taken from about the same height in the corn as 
sample No. 13, had a temperature of but 49° F., tested 24.8 ec. c. in 
acidity, and germinated 50 per cent. Sample No. 16, taken from 
near the bottom on the starboard side had a temperature of 93° F., 
tested 38.7 c. c. in acidity, and germinated 22 per cent. The tem- 
perature record for this sample, in figure 40 shows that its temperature © 
was 46° F.when loaded 

APR and that from March 

pol SUE aT Te ee S028 sbomaonel eather 
af tt LE was but little change, 


120 ; 2 

eee ts but from then on the 
Sh temperature increased 
ty until it reached 93° F. 


when discharged. As 
will be seen in Table 
29, only one sample, 
No. 14, tested under 
30 c. c. in acidity at 
_ _ the time of discharge. 
: Hold 3 was one 
s deck higher than hold 
§ 1,and had a ‘‘feeder’’ 
rounding one more 
a2 788 8 deck above that. 
This hold was located 

say iss 16 J USt: forward of the 
boiler room. Fully 
three-fourths of the 

corn as discharged 

was badly heat-dam- 

aged. The tempera- 

ture of the corn in this 

hold at the time of 

Fie. 40.—Hold 2: Temperature records of electrical] resistance ther- discharge 7 anged from 
mometers, location of the thermometers in the hold,and samples 44° to 140° ¥., which 
ey eas Heavy shading represents heat-damaged was gre ater by 7 de- 
grees than the min- 

imum and by 100 degrees than the maximum temperatures of the 
corn when loaded. Thermometer No. 18, which was located im 
the ‘‘feeder” about 4 feet below the surface of the corn, registered an 
increase in temperature from the very beginning of the voyage. The 
maximum temperature recorded during the voyage was 144° F., on April 
15, after which there was aslight decrease. The corn surrrounding this 
thermometer had a temperature of over 120° F. for 10 days before 
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it was discharged. It will be noted that the temperature increased 
from 40° to 100° F. during the first 10 days of the ocean voyage. 
Thermometer 17, which was also located in the ‘‘feeder,”’ at about 
the same height as thermometer 18, but next to the bulkhead separ- 
ating the corn from the ventilated coal bunker, indicated a much 
slower increase in temperature. On April 8, 11 days after sailing, 
thermometer 18 in- 
dicated a temperature 
of 120° F.; on April 15 
the temperature had 120 
increased to 144° F. $0 
Thermometer 19, lo- § 
cated in the portside § 
a little over half- 37% 
way down from the 
surface of the corn, «6 
indicated an increase = {= 
Gf. 30°60R, ‘during 
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the first 10 days and 7 2 ugereee ri 
63° F. during the last ; Con Be ae 
11 daysof the voyage, § S S 8 : 
a total of 93° F. for : ae bee ds 
the whole voyage. 
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Temperature records 
for thermometers 21 
and 22, located a few 
feet from the bottom 
of the hold, show that 
there was but little 
change in tempera- 
ture in these places of 
stowage. Samples 


Nos. 18, 20, and 22, 


: Fig, 41.—Hold 3: Temperature records of electrical resistance thermom- 
which WML attached eters, location of the thermometers in the hold, and samples secured 
to thermometers of at Rotterdam. Heavy shadingrepresents heat-damaged corn. (Cargo 


the same numbers, ***? 
had temperatures of 140°, 130,° and 44° F., when discharged, and 
tested 59.5, 56.2, and 22.8 c. c. in acidity. Samples Nos. 18 and 
20 had lost all vitality, but sample No. 22 germinated 55 per cent. 
Only one sample in this hold at the time of discharge tested under 
33 c. c. in acidity, 
Hold 4 was one deck higher than holds 1 and 5. It was located 
‘Just aft of the engine room and had a shaft tunnel in the bottom 
95190°—19—-Bull. 764——5 
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which continued through hold 5. The dried corn in this hold changed 


very little in temperature during the voyage, a 
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Fic. 42.—Hold 4: Temperature records of electrical resistance ther- 
mometers, location of the thermometers inthe hold, and samples 
secured at Rotterdam. Heavy shading represents heat-damaged 
corn. (Cargo No. 6.) 


s is shown in Table 29 
and figure 42. The 
temperature record for 
thermometer 23 shows 
that the corn at the 
surface near the en- 
gine room bulkhead 
mcreased 27° F. and 
had a temperature of 
80° F. at the end of 
the voyage, while the 
temperature of the 
corn at the same 
height in the after part 
of the hold was the 
same when discharged 
as when loaded, as 
shown by the tempera- 
ture record for ther- 
mometer24. The corn 
stowed next to the 


engine-room bulkhead 


about 6 feet from the 
bottom, increased 8 
degrees, and the corn 
stowed at the same 
height in the after 
part of the hold in- 
creased 7 degrees, as 
is shown by the rec- 
ords for thermome- 
ters 35 and 37. The 


effect of the engine heat on the corn is shown in Table 30. 


TABLE 30.—Effect of the engine-room heat on the corn lecated next to the engine-room 


bulkhead in hold 4, cargo No. 6. 


Sample No. in tem- in 


Increase | Increase | Decrease! Decrease} : 


in germi-| in sound 


perature.| acidity. | nation. | Kernels. bushel 


Per cent.| Per cent.| Pounds. 
3 19 28. 7 225 
7 1 26 1.90 


1 Sample was located at surface against engine-room bulkhead. 


2 Sample was located same height as No, 23, but some distance irom the engine-room bulkhead, 


a 


cc  — 


' the upper part of the 
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TasiE 31.—D fect of the shaft tunnel heat on the corn stowed next to the shaft tunnel mn 
hold 4, cargo No. 6. 


Decrease 


Increase | Incre Decrease | Decrease | - : 
rease ecrease| Decrease in weight 


Sample No. in tem- in in germi- | in sound aps 
perature.| acidity. | nation. | kernels. eat 


ND AYE, CoG Per cent. | Per cent. | Pounds. 
23 18.8 1. 00 


TT aes EES ee eee sehen $55.5 55 = eee eee Ba a ne . 
SiS a0 UBS eta ES, RN ee eR PaO ee ere cone ere | 5 al 3 8.9 137, 


1 Sample was located on the shaft tunnel. 

*A verage for these two samples. 

2 Sample was located same height as No. 34, but halfway between shaft tunnel and the sides of the hold. 

The effect on the corn of the heat from the engine room which 
penetrated through the shaft tunnel in the bottom of the hold is 
shown in Table 31. 
The corn located di- 28.2436 
rectly on the shaft 
tunnel increased 27° 
F. during the voyage, 
while the corn located 
the same height as the 
tunnel, but halfway 
between the tunnel 
and the sides of the 
hold, increased 7 de- 
grees on the port side 
and 8 degrees on the 
starboard side, as is 
shown in figure 43. 
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at the surface along 


engine-ro om. bulkhead Fig. 43.—Hold 4: Showing effect of the heat from the propeller-shaft 
tunnel on the corn located against the tunnel. (Cargo No. 6.) 


and along the top of 
the shaft tunnel was musty, somewhat moldy, and “packed.” The 
corn in the hold ranged from 50° to 85° F. in temperature and 25.5 
to 32.7 c. c. in acidity (4 samples tested slightly over 30 c. c. and 
12 samples tested under 30 c. c. in acidity), from 7 to 52 per cent in 
germination, and from 57.9 to 95.6 per cent in sound kernels. 

The corn in hold 5 as discharged varied from 44° to 120° F. in 
temperature, from 22.9 to 54.9 ¢. ¢. in acidity, and from 5 to 66 per 


‘cent in germination. A small amount of the corn a few feet under 
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the surface in the after part of the hold was heat-damaged. Sample 
No. 42 taken from the heat-damaged corn had a temperature of 
120° F. and tested 49 ¢. ¢. in acidity. The corn located along 
the upper part of the shaft tunnel was sour, moldy, and ‘‘ packed.” 
APA The corn near the tun- 


22 ere i254 Se 627. 8S Oe Sls: ISS IG 7s 5 
ile {La a nel increased more in 
eee | es temperature than the 
JERS a See eeeee Sse stowed the same 
Fie Fe a a a oa Ue Fe bd ee Sieatae 
sod Ey Soe a hetero ini eutioteia ver 
hia el fe iat PT ttt ttt ti! located halfway be- 
Aas a tween the tunnel and 
87 ae the sides of the hold, as 
a isshown by comparing 
coe Ses the records for ther- 
mometers 45, 46, and 


48, andfigure45. The 


eee 4 corn located directly 
~ Q ° 
d D = onthe tunnel increased 
ee ss more in temperature 
41 Bate 40 - 4° 
sie ' and acidity and de- 
43 188 ao ° 
creased more in ger- 
., munation, sound ker- 
42 188 4 nels, and weight per 


bushel than the corn 
which was located 
some distance from 
the tunnel, also the 
natural corn in this 
hold, located on the 
shaft tunnel, under- 


3 as went more deteriora- 

Fie. 44.—Hold 5: Temperature records of electrical resistance ther- Oe rs 
mometers, location of the thermometers in the hold, and samples tion than the dried 
secured at Rotterdam. Heavy shading represents heat-damaged GCOTrn located on the 


porn oreo No 6) shaft tunnel in hold 4. 
The correlation of temperature changes and changes in the condi- 
tion of the corn is illustrated in figure 46. 


CARGO No. 7. 


Cargo No. 7 consisted of 171,428 bushels of natural corn. The 
corn was loaded March 23 to 27, 1911; the steamship sailed March | 
31 and arrived at Belfast, Ireland, April 21, where the corn was dis- | 
charged from April 22 to May 9. The length of the ocean voyage — 
was 21 days; the maximum time that any of the corn was in the vessel _ 
was 47 days, and the average time was 39 days. : 
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STOWAGE OF THE CORN. 


The steamship had six cargo holds. The corn was stowed in four 
holds, holds 2, 3, 5, and 6. Only hold 2 was entirely filled with corn, 


although the corn in 
hold 3 was loaded to 
the same height, but 
this holdhad onemore 
deck. Hold 5 was 
about two-thirds fill- 
ed, and hold 6 was a 
little over half filled 
with corn. The ves- 
sel had two shaft tun- 
nels along the bottom 
of holds 5 and 6. 
Both of these shaft 
tunnels were venti- 
lated. 


s 

$ : cy é 
CONDITION OF THECORN g¢ #¢ o § Ben age) obl Oke 
AS LOADED. q he ‘ : i 8 ‘ d 
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cargo was natural 
corn. The condition 
of the corn as loaded 
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Fig. 45.—Hold 5: Showing effect of the heat from the propeller-shaft 


tunnel on the corn located against the tunnel. 


is shown in Tables 32 ~ 


and 33. 


(Cargo No. 6.) 


The averages for the various factors of the corn as loaded 


were as follows: Moisture content 18.4 per cent, acidity 23.8 ¢. ¢., 
germination 60.2 per cent, sound kernels 95.2 per cent, and test weight 


per bushel 53.5 pounds. 


loaded was 62° F. 


The average temperature of the corn as 


TABLE 32.—Range in the principal factors showing quality and condition of the corn in 


cargo No. 7, as loaded and as discharged, by holds. 


: : Weight 
Tempera- | Moisture sae Germi- Sound 
Hold. ture. content. Acidity. nation. kernels. Der 
bushel. 
Hold 2: Aug fe Per cent. enCh Pre cent. Per cent. Pounds. 
Atsloadedh 42.5 sa. 4 See 61.0- 67.0 16.4-18.4 | 26.1-29.9 | 46.0-64.0] 90.2-96.1 52. 8-54.5 
= ae discharged 3252 2-0 see 68.0-146.0 | 14.0-18.9 |} 28.0-43.2 0-60. 0 0-88.7 | 47.0-53.5 
old 3: 
IMS loaded ..4 Bota. a5 sbceeor 56.0- 66.0 | 17.8-18.9 | 19.9-26.2 | 50.0-73.0} 90.1-98.1 | 51.5-54.0 
= a discharged)... 25. 252 65.0-141.0} 16.2-20.1 | 27.6-47.7 0-65. 0 0-91.8 | 47.0-53.8 
old 5: 
A silondeds sae. 85s. 9945s 2 61.0- 65.0 | 18.5-19.0 | 22.1-25.9| 42.0-73.0| 938.9-97.7 | 53.5-54.5 
= ote discharged 2.35... --t<se-. 69.0-147.0 | 16.8-35.8 | 27.7-70.0 0-71.0 0-84.0 | 48.0-52.8 
old 6: 
AS ioadeder 24 58....2 5 57.0- 64.0} 18.5-19.1 | 20.7-24.2] 56.0-68.0} 93.9-97.7 | 53.3-54.0 
As discharceds.22). 9) fen 68. 0-122. 0 17.1-19.1 27. 5-43. 4 0-61. 0 0-84. 8 48. 0-53. 8 
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TABLE 33.—Condition of the corn in cargo No.7, natural corn, as loaded, and the change 
in condition while the corn was in the vessel—samples taken in order in the holds from 
top to bottom. 


[T 1, etc., represent samples in crossed-wire containers.] 


Temperature. Mors ure con Acidity. Germination. | Sound kernels. es 
pape Se came (a Oe ly PN eR eae Is A al ae EPR ee ; 

o |e | ag [oe | as |e | ad le [ag fe [as fe [ag 
ég| =S | 83] 82 | sc) PP [sg] BS | ss] SB | 8g} Se 
nan? nd n®? 2S Siew a & nm © aS nan? nS mn? nS 
4 49 |< ag |< <3 |< 43 |< <3 |< <9 

LEGGY OR) SOR OS a Ie Gaal JAG Os es Ik) © IPE CE AWE ACE. aleleact. Pact Lbs. Lbs. 

ees 67 146 | 17.8 18.0 | 26.1 42.8 47 0 | 95.4 0 | 53.25 47.00 

2S 63 126 | 18.4 16.7 | 26.9 38. 2 58 1 | 95.5 1.0 | 54.00 50. 50 
=a ghar eal FN Se ee cd sy eee 14 05}e ane. 30-8: eestor Ge ree 3955) | eee 52. 50 
TW) a2 63 76 | 18.4 17.9 | 29.9 43.2 46 3 | 96.1 21.1 | 54.50 51. 50 
Siete ers fae TBS se TSNOMlerseete 28.4 |...... 28 Weems GD5 OF lpsesscee 50. 00 
Sahat RS Bel hore ee TAS ie ae oe NCES) 4 ees ba ee eal Se Poe | hae ive Oe a ere 49.50 
Pe ear ee ese ae 82) eere Ue (Es eee 28207 | Remote a1) eigoo oe TORQ ewes k ok 51. 50 
ZAK Qatar COM are Lie8e|eee 29: Oo ee ee AT Ale (His Fal aS 53. 00 
LAs 65 69 | 16.4 17.2 | 27.1 32.0 58 42 | 90.5 88.7 | 53.50 52. 25 
AN Seer 66 82 | 17.2 16.8 | 27.7 31.0 64 60 | 90.2 87.4 | 52.75 52. 50 
C11) bes aratysol paemiaaas O85 lee Ot eeerae aie 290M Peeees Os a Sono |p see 53. 00 
Ti6s252 61 COR Met 17.2 | 28.5 29.3 60 ol | 90.8 77.1 | 53.00 52.75 
A by Rees 64 68 | 18.3 18.3 | 26.7 32.6 60 60 | 92.2 84.5 | 53.75 53. 50 
2s ete i a rN aa ee [SiS |e SaGeeene 20S a qlee sens bey poseuasoe OSE SRR see 63-507 |b sno tee 
CN a Seal eS eee | tee (Sy Gal Weiner DSS2inise eee ee (0) UR see eee Se on ee ee 50. 00; Sere hee 
CULE al ee Sen onee Veo les odedcos PA BN Ee eee, Ges CIE eee ee O25 Ost: seeeeees Do OO sass somes 
Hold 3 
AS <3 66 141 | 18.5 18.3 | 22.2 43.6 60 0 | 96.0 0 } 53. 25 47.00 
T 9... 66 140 | 18.3 17.5 } 23.8 47.7 62 0 | 96.1 doe25 47. 50 
2 ae Sees ees LS | Reese 20 ME san gat fee lee J 14° jags255 29. Trl sess 47.00 
T 10 66 118 | 18.2 1G S28 Bae 340s eee 34 | 95.4 18.4 | 54.00 52.00 
AGE eRe soe OA ee I7fse) >| | Seeolere Sas eee MI cceoce G2eL ES. oe 51. 50 
2 freee. tao bea eae Usiaeseae 17.9 | 22.4 29.6 65 Seema 8026" |- =e see2 53.00 
ARES Eee eas (all aaemetases SEG Ween Shecfalisaoers 30 4225p SY Fal ease 52. 50 
AQ SE | eae Y MU eseretarst SIS al eee SL OF ea 44 |__.... 83/9: Eee 52. 00 
Til 64 73 | 18.6 18.2 | 20.5 31.7 53 65 | 98.1 91.8 | 54. 00 52.75 
Bey 64 72 | 18.1 18.3 | 25.0 34.0 62 56 |) 95.5 80.6 | 53. 50 52.25 
T i3 64 69 | 18.1 ipeuden|edey2, 33.8 65 59 | 97.6 86.5 | 53.50 53.75 
T 14 64 70 | 18.9 18.6 | 22.0 27.6 60 61 | 95.6 82.7 | 53.00 52.75 
Atel, 63 72 | 18.1 WS (4) OR!) 29.2 63 44 | 96.8 74. 8 | 53.25 52.00 
T 16 62 65 | 18.8 18.3 | 20.8 31.0 65 65 | 95.8 74.8 | 53.25 52.00 
Aw aly, 62 68 | 18.6 18.0 | 21.8 31.2 67 57 | 93.2 84.6 | 53.00 52. 50 ; 
T 18 61 69 | 18:7 18.4 | 24.8 32.0 55 58 | 90.1 87.5 | 51. 50 51. 25 
T 19 58 69 | 18.8 18.8 | 26.2 30. 8 62 59 | 94.0 88.7 | 53.50 53. 50 
T 20 59 70 | 18.3 Wet 2052 30. 0 60 64 | 95.3 78.3 | 53.75 53.00 
APA 56 72 | 18.1 18.1 | 22.4 27.6 61 64 | 96.7 83.6 | 54.00 52. 50 : 
150 Ne el | bales ee ee SN 2 eee eee FAO) Sarees 2 Gd Bees 9520: |. eee 53 250M ta eae 
i ase eee Glas Steer ae STO Ges ee ese D2T AN oe ee OO Bers ses QCROT yet eae ee 53300 Se eee 
ISAS AAA, Pia Ate ek SR A eisylles seis asc, DS SD Beem as eel (6) Bt biel seas 9526}, oe See Lip ty (lel Mb onecaee 
Hold 5 
T 22 63 147 | 18.8 16.8 | 24.2 47.4 59 0 | 95.9 0 | 53.50 47.50 
Doe ual ees IB) eeeaee NCE Nopoose Boe |ldsaces Oss ZsQ sie ees oF 49.75 
Eas Rav Meter Wes Starts ital fa hes a Bete) ks ee TED Nee soes Oe esao 2 On ee eee 43.00 
Lyn ata iene Grate SH Peers IU bees PAL eres a eae 133 Oy [ae eee 50. 00 
Sea aoe (Atala PS lee 29: Sul ieecce (OAdeeaeon 82 Ones Ee 52.75 
T 23 65 74 | 18.5 18.5 | 23.2 32.4 42 56 | 97.6 76.7 | 53.75 52. 50 
T 24 64 77 | 18.6 18.4 | 22.9 34.7 73 67 | 96.1 76.1 | 53.75 51.75 
Deal eae ae QD) tts; oa lent eget eeaenees| meee ere MLAS le sooec Lola ae ss DS OY [os etl oe eee 
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AD OL 64 69 | 18.5 17.4 | 25. 30.3 57 62 | 96.7 84.4 | 53.75 52. 50 
T 28 61 73 | 18.6 18.6 F hi 69.8 | 53.50 52. 50 
Glses ass ase oe PONG te ae DAA ok 5 ie (OE es Scene le U onl ee 542000 ee ee 
Oe. Nal eee TORO H Se PRY ey Se oe 626) eases OF 74> | ee HANOOwN Se 
GSe2h Vale. 2 Seek PRR SE ee ee 2584: | BLES 67h t ee G3 eG Uline eae 5AR008 era eee 
Hold 6 
GAS eta aks UP) ees gan lis eee 38st ES AR eee oe 9 83 Ses 48. 00 
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TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 
DISCHARGED. 


During the voyage the temperature of the corn in the various 
positions of stowage was recorded each day that the weather per- 
mitted. The location of the various thermometers and the changes 
in temperature at those positions are shown in figures 48 to 53, 
inclusive. The max- 
imum temperatures 
found in the corn as 
discharged were 146° 
F.in hold 2,141° F. 
in hold 3, 147° F. in 
hold 5, and 122° F. 
in hold 6. These 
were higher than 
the maximum tem- 
peratures at the 
time of loading by 
WB F5er Ke 1826 
P)i/and 58°) Hs): crex 
spectively. During 
the time that the 
corn was in the ves- 
sel a large propor- 
tion of it became 
hot, discolored, 
moldy, and badly 
damaged. The corn 
changed the most in 
condition and be- 
came badly damag- 
ed in the upper part 
of the holds. The 
temperature and 
degree of deteriora- 
tion, in a general 
way, decreased from gt CoWosr/ow OF THE CORN AS LOADED 
the surface of the HM CONDITION OFTHE CORN AS DISCHARGED 
corn toward the bot- Fic. 46.—Correlation of the temperature and condition of the corn as 
tom of the holds. It loaded and as discharged. (Cargo No. 6.) 
will be seen in the accompanying charts that the temperature of the 
corn reached 100° F. in the following number of days after sailing. 
Three days in hold 2, 44 days in hold 3, 8 days in hold 5, 16 days 
m hold 6. As has already been stated, the average length of time 
that the corn remained in the vessel was 39 days. 
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Hold 2 was entirely filled with corn, the upper part of which be- 


BALLAST _7AN. 


remained practically 


f=™"3 = HOT CORN [___.)=COOL CORN. 


The heavy shading represents heat-damaged corn as discharged. 


Fig. 47.—Diagram showing arrangement of the steamship and stowage of the corn in holds. 


(Cargo No. 7.) 


came badly heat damaged while it was 
in the vessel. The corn in this hold as 
discharged ranged from 68 to 146 degrees 
in temperature, 14 to 18.9 per cent in 
moisture, 28 to 438 c. c. in acidity, 0 to 60 
per cent in germination, 0 to 88.7 per 
cent in sound kernels, and 47 to 53.5 
pounds in test weight per bushel. Asis 
shown in Table 33, sample 1, taken from 
near the surface, had a temperature 
when discharged of 146° F., tested 42.8 
c. c. in acidity, had no sound kernels, 
and none of the corn would germinate. 
As will be seen by the temperature rec- 
ord for thermomter 1, in figure 48, this 
thermometer was located near the sur- 
face. The corn in this position of stow- 
age increased in temperature very rapidly 
from the time it was loaded, on March 
27, until it was over 140° F., on April 
12, after which the increase became more 
gradual. The corn surrounding this 
thermometer was very badly damaged 
on arrival in Europe. Sample 2, which 
was taken from the corn about one- 
third of the distance down in the hold, 
had a temperature of 126° F., tested 
38.2 c. ¢. in acidity, germinated 1 per 
cent, and had 1 per cent of sound ker- 
nels. The temperature of the corn sur- 
rounding sample 2 graduaily increased 
from the time that the corn was loaded 
until it was discharged, as is shown by 
the temperature record for thermometer 
2. Sample 4, taken two-thirds of the 
distance down in the corn, and sample 
7, taken from the bottom of the hold, 
had temperatures of 69° and 68° F., and 
tested 32 and 32.6 c. c. in acidity, 42 and 
60 per cent in germination, and 88.7 
and 84.5 per cent in sound kernels. 
The temperature of the corn  two- 
thirds of the distance down in the hold 


stationary during the voyage, as will be 
seen by the records for thermometer 4, while the temperature of 
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the corn at the bottom fluctuated somewhat, being influenced to 
some extent by the temperature of the sea water. 

Hold 3 was filled with corn to the second deck. The corn as dis- 
charged was badly heat damaged in the upper part of the hold and 
ranged from 65° to 141° F. in temperature, 27.6 to 47.7 c. c. in acid- 
ity, 0 to 65 per cent in germination, 0 to 91.8 per cent in sound 
kernels, and 47 to 53.8 in test weight per bushel. The corn in this 
hold at time of load- 
ing had a tempera- 
ture ranging from 56° 
to 66° F., which tem- x !20 
perature increased E00 
very rapidly at the §& 
surface during the be 
early part of the voy- ; 
age and was over 120° 
F. in a week after the 


Les 
fa favre oe OS 


vessel sailed; it con- pee Pe ie 
tinued to increase 4 : : eae 
until it reached 141° 3 § § co 8 
F. by the time the a) eo 
corn was discharged. al aoe 
This is shown in the %° 1° 37 Be ee 
j 32.0 17. 
temperature itecord | .., .. cv pe ; 


for thermometer 8, 

figure 49. As willbe “ '%6 290 
seen in Table 33, 
sample No. 8, which 
was taken from near 
the surface of the 
corn, tested 43.6 c. ¢c. 
in acidity and none 
of the kernels would 
germinate. The corn 
at this position Was Fig, 48,—Hold 2: Temperature records of electrical resistance ther- 
very moldy, sour, and mometers, location of the thermometers in the hold, and samples 


secured at Belfast. Heavy shading represents heat-damaged corn. 
badly heat damaged. (Gee No. > 


ty 
) 
a 
x 
fo 
2o 


32.6 18.3 


There was not much 

change in the temperature of the corn located one-third of the dis- 
tance down in the hold in the first 10 or 12 days of the voyage, but 
from that time on it increased more rapidly until on April 24 it was 
118° F., asis shown by the record for thermometer 10. The corn sur- 
rounding this thermometer, as discharged, tested 34 c. c. in acidity 
and 34 per cent in germination. The temperature of the corn located 
two-thirds of the distance down in the hold increased only 9° F. 
during the time it was in the vessel, as is shown by the tempera- 
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ture record for thermometer 11. Sample No. 11, taken from the corn 
surrounding thermometer 11, had a temperature of 73° F. and tested 
31.7 c. c. In acidity, 65 per cent in germination, and 91.8 per cent in 
sound kernels. The temperature of the corn in the bottom of the hold 
varied somewhat with the sea-water temperature, as illustrated by the 
record for thermometer 19. Sample No. 19, taken from the corn at 
the bottom of the hold, had a temperature when discharged of 69° F., 
tested 30.8 c. c. 
acidity, 59 per cent 
in germination, and 
88.7 per cent in sound 
kernels. 

Hold 5 was two- 
thirds filled with 
corn, the top part of 
which became badly 
heat damaged during 
the voyage. The 
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kernels, and 43 to 
52.8 pounds in test 
weight per bushel. 
As will beseen by the 
temperature record 
for thermometer 22 
in figure 12, the corn 
near the surface in- 
creased from 63° F. 
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Fic. 49.—Hold 3: Temperature records of electrical resistance ther- ; > 
mometers, location of the thermometers in the hold, and samples O01 March 24 to 100 
secured at Belfast. Heavy shading represents heat-damaged corn. | oe on April 8 and to 


Sees 147° F. on April 21. 
As indicated in Table 33, sample No. 22, which represents the corn 
surrounding thermometer No. 22, contained no sound kernels or any 
kernels that would germinate, and tested 47.4 ¢. c. in acidity and 47.5 
pounds in weight per bushel. The corn located halfway down in the 
hold and at the bottom changed very little in temperature except near 
the outside walls and along the top of the shaft tunnel. Sample No. 24, 
taken from near the shifting boards halfway down in the corn, increased 
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from 64 to 77° F. in temperature and when discharged tested 34.7 
c. c. in acidity, 67 per cent in germination, 76.1 per cent in sound 


kernels, and 51.75 pounds in weight per bushel. 


Sample No. 57, 


taken from near the side of the hold, a little over halfway down in 
the corn on the port side, had a temperature of 125° I’. and tested 
51.8 c. c. in acidity, 6 per cent in germination, and 5.5 per cent in 
sound kernels. The corn along the top of the shaft tunnel varied in 


temperature during 
the voyage, while the 
temperature of the 
corn thesame height in 
the hold located half- 
way from the tunnel 
and theside of the boat, 
remained nearly the 
same throughout the 
voyage, as is shown by 
comparing the temper- 
ature records for ther- 
mometers 25 and 26. 

Table 34 shows that 
the corn surrounding 
thermometer 25, which 
was located on theshaft 
tunnel, tested higher 
by 2 c.c.in acidity and 
lower by 67 per cent in 
germination than the 
corn surrounding ther- 
mometer 26, which was 
located at tunnel 
height but halfway be- 
tween the tunnel and 
the side of the hold. 
Four samples taken 
from hold 5 tested un- 
der 30 c. c. and nine 
samples tested over 30 
c. c. In acidity. 
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Fig. 50.—Hold 5: Temperature records of electrical resistance ther- 
mometers, location of the thermometers in the hold, and sam- 
ples secured at Belfast. Heavy shading represents heat-damaged 


corn. (Cargo No. 7.) 


TaBLe 34.—L fect of the shaft-tunnel heat on the corn stowed next to the shaft tunnel in 


Sample 
No. 


Location of samples. 


hold 5. 


Temper- 
ature. 


Acidity. 


Germi- Sound W oer 
nation. | kernels. era 
Per cent. | Per cent.| Pounds. 
: 66.9 51.0 
70 66.9 52.0 
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Hold 6 was a little 
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sor ia2 a2 Wwelght per _ bushel. 
a VEL 275 186 35 
Be 183 206 183 SS = ='T'he corn at the sur- 


Fic. 51.—Temperature records of electrical resistance thermometers, 
location of the thermometers in the hold,and samples secured at 
Belfast. Heavy shading represents heat-damaged corn. (Cargo No.7.) 


122° F. during the 


PPS Ane Fil 


3_ 15 _ 17 _ 19 2l 


face, where the heat 
could escape, had a 
temperature of 72° 
F. when discharged, 
as is shown by sam- 
ple No. 64 im _fig- 
ure 51. The corn 
just under the sur- 
face gradually in- 
creased from 63° to 


voyage, as is illus- ERT ii ui AE 
trated by the tem- *J/1{ || epee cere GeRAnahel 
perature record for & ee PoreRS BiaaBe 

2n8 Lote! | | PEE BRERBEREE 
thermometer 29. i Serbs tH 
As is shown in Ta- Bsq- adit are CTP 
ble 33, sample No. SGeeen FAH HHH if 


29, which repre- 
sents the corn sur- 
rounding thermom- 
eter No. 29, tested 
43.4 ¢. ¢. in acidity, 
and 49.5 pounds in 
weight per bushel, 
and contained no 
sound kernels or any 
kernels that would 


Gaga SAMPLE No. 


Fig. 52.—Hold 6, showing effect of the heat from the propeller-shaft 
tunnels on the corn located against the tunnels. 


(Cargo No. 7.) 


CARRYING QUALITIES OF EXPORT CORN. 


germinate. The 
corn located about 
6 feet from the bot- 
tom and halfway 
between the shaft 
tunnel and the 
side of the hold in- 
creased 11° F. in 
temperature and 
tested 30.1 c. c. m 
acidity, 55 per cent 
in germination, 74.3 
per cent in sound 
kernels, and 51.5 
pounds in weight per 
bushel, as is shown 
by sample No. 32, 
while the corn be- 
tween the tunnels 
and near the bottom 
of the hold increased 
but 5° F. in temper- 
ature and tested 
28.4 ¢. c. in acidity, 
56 per cent in ger- 
mination, 82.9 per 
cent in sound ker- 
nels, and _~ 53.75 
pounds in weight 
per bushel, as is 
shown by sample 
No. 33. 


RANGE IN THE TEMPERATURE OF THE CORNAS DISCHARGED- 
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CARGO No.7 
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TEMPERATURE OF THE CORN AS LOADED: AVERAGE 62°F, RANGE 56r067 SF 


CONDITION OF THE CORN AS LOADED 
CONO/TION OF THE CORNAS DISCHARGEO 


Fig, 53.—Correlation of the temperature and condition of the corn as 


loaded and as discharged. (Cargo No. 7.) 


TasLe 35.—L fect of the shaft-tunnel heat on the corn stowed next to the shaft tunnel in 


hold 6. 
Sample : is - Weight 
N = Location of samples. feme iE Acidity. i couse per 

* * | bushel. 
Ms CNG. Per cent. | Per cent.| Pounds. 
30 | On unprotected part of shaft tunnel..... 87 30. 8 23 69.8 SL. 2 
31 | On plank-protected part of shaft tunnel. . 86 29.9 33 83.1 52.2 
a0jand SL, |; Omshait tunmels 2325s peei2 tee _j2. | 86 30.3 28 71.4 51.7 
32 | Tunnel height, halfway out.............. | 75 30.1 55 74.3 als 


1A verage for samples Nos, 30 and 31, 
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As will be seen in figure 52 and Table 
35, the corn which was located on the 
unprotected part of the shaft tunnel 
was influenced more by the tunnel tem- 
perature and tested poorer when dis- 
charged than the corn which was located | 
on the plank-protected part of the tun- | 
nel. They also show that the corn in 
either of the two positions on the shaft 
tunnel varied considerably more in tem- 
perature and tested poorer than the corn 
located at tunnel height but halfway 
between the tunnel and the side of the 
hold. The temperature of the corn at 
tunnel height near the side of the hold 
varied with the sea temperature as is illus- 
trated by the temperature record for ther- 
mometer 35. 

Three samples taken from hold 6 ‘hen 
the corn was being discharged tested under 
30 c. c. and eight samples see over 30 
c. c. In acidity. 

The correlation of temperature changes 
and changes in the condition of the corn 
is illustrated in figure 53. 


_ «NATURAL CORN °° 


The heavy shading represents heat-damaged corn as discharged. 


BOILERS = |i 
1 


(Cargo No. 8.) 


CARGO No. 8. 


Cargo No. 8 consisted of 258,092 bushels 
of natural corn. The corn, was loaded 
from February 27 to March 1, 1912. The 
steamship sailed March 1 and arrived at 
Rotterdam, Holland, on March 20, where 
the corn was discharged from March 20 

to March 22. The length of the ocean 
voyage was 19 days; the maximum time 
that any of the corn was in the vessel 
was 23 days, and the average time was 21 
days. 


NATURAL GORN: 


HOT CORN 
COOL CORN 


- EA = 


iagram showing the arrangement of the steamship and the stowage of the corn in holds. 


NATURAL CORY: eS 


STOWAGE OF THE CORN. 


The steamship had five cargo holds. 

As is shown in figure 54, this shipment 

was a full cargo, each hold being entirely 
filed with corn, 


Fig, 54.—Dia 
Si a i RR a Ee ae nT “| 
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CONDITION OF THE CORN AS LOADED. 
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The corn in this cargo was natural corn, and its condition as loaded 


is shown in Tables 36 and 37. 


The averages for the various factors 


-of the corn as loaded were as follows: Moisture content 20.1 per cent, 
acidity 17.6 c. ¢., germination 49 per cent, sound kernels 88 per cent, 


and test weight per bushel 52.7 pounds. 


of the corn as loaded was 29° F. 


The average temperature 


TABLE 36.—Range in the principal Nations showing rea and condition of the corn in 


cargo No. 8, as loaded and as disc 


arged, by holds. 


: ; Weight 
Tempera- | Moisture . «a: Germina- Sound 
Hold. ture. content. Acidity. tion. kernels. bishel. 
Hold 1: oo. 4ie Pencent: Cac: Per cent. Per cent. Pounds. 
IAs loadede- 4r ee 2 Be 25. 0- 32.0.) 19. 9-20. 3 17. 6-18. 5 45. 0-66. 0 85. 5-94. 1 152.5 —54.0 
a As discharged ie. > aeeemee  - = 2520— 46. 0:22... $2.28: 17. 8-21.2 | 24.0-53.0| 84.9-93.0 |51. 75-54. 0 
old 2 ; 
‘Reloaded... 1 19.2) 0: 27. 0- 32.0,| 19.9-20.4 | 16.8-18.6 | 48.0-57.0 | 87. 0-88.9 |52.0 -53.5 
= a discharged: § 45.2.5 -<¢-2 2950= S22 0H SA; oo eee. 18. 0-28. 0 10. 4-40. 0 83. 6-91. 1 |51. 2 -53. 5 
old 3: : 
NSNOgded: e 2 eS He oe ea 26. 0- 33.0:| 19.8-20.5 | 17.6-20.2]| 36.0-58.0 | ‘86.7-91.4 |51.5 -53.5 
“ ee discharged’ 289. 2.422: 2850-13250} ee we et 18, 2-38. 2 0-39. 0 2. 0-91. 1 |46.5 -53. 5 
old 4: i : 
As loadedé ..:) 3.69. lee 26. 0- 32:0:| 19.5-20.3 | 15.6-19.2 | 30.0-69.0| 85.5-94.1 |51.5 -53.5 
af ip discharged: 4.29.22. 3-2-8 29: 0-145.0) es. och sc gee. 16. 6-50. 4 0-45.00) - 0-95. 4 146. 0 —53. 25 
old 5: 
ASH oad ede a ek 24. 0- 33.0°'| 19.5-20.6 | 16.6-18.0| 37.0-65.0 86. 9-91, 6 152.5 —53. 2 
As discharged). 4.2. - ......4-22% 2730— 84. 0} Sho. 0. Soe 18. 0-32. 0 4.0-52.0 | 58.1-91.0 |47.0 -53.5 
TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 


eRe BSE 


The temperatures of the corn in the various positions of stowage 
were recorded during the voyage each day that the weather per- 
mitted. The location of the various thermometers and the changes 
in the temperature at those positions are shown in figures 55 to 62, 
inclusive. It will be noted that at the time of loading the average 
temperature of the corn was very low (30° F.) and that the moisture 
content was dangerously high (20.1 per cent). However, the acidity 
was very low (17.6 c. c.), showing that the corn had previously under- 
gone very little deterioration. At the time of discharge it was found 
that the corn in holds 3 and 4 was damaged along the boiler-room and 
engine-room bulkheads and there was also a slight amount of damage 
along the shaft tunnel in the bottom of holds 4 and 5. The maximum 
temperatures found in the corn as discharged were 46° F. in hold 1, 
52° K.in hold:2, 132° ¥. in‘hold 3, 145° F. in hold 4,:and 84° F, in 
hold 5. These were higher than the maximum temperatures at the 
time of loading by 14° F. in hold 1, 20° F. in hold 2, 109° F. in hold 3, 
123° F. in hold 4, and 51° F. in hold 5L 

There were no facilities for making moisture tests of the samples 
secured at the port of discharge, and consequently the moisture tests 
at the time of loading only are given in this report. 
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corn was in the vessel—samples taken 


[T 1, ete., represent samples in crossed-wire containers.] 
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TABLE 37.—Condition of the corn in car 
bottom. 
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The corn in holds 1 and 2 changed but little during the voyage and 
was discharged in Europe in good conditicn. 

In hold 3 that part of the corn that was located next to the boiler- 
room bulkhead in the after part of the hold was hot and badly dam- 
aged at the time of discharge. In the damaged corn, as is shown in 
Table 38, the greatest heat and the most severe damage was found 
along the upper part of this bulkhead. The corn located along the 
lower part of this bulk- 
head was not hot but 
wasslightlysour. The 
corn located in the for- 
ward part of the hold 
was discharged in a 
soundcondition. The 
temperature records 
during the voyage for 
the corn located next 
to the upper, middle, 
and bottom portions 


FEB. MARCH 5 : 
epegl23ga34 567 8 910 i! 12 13 14 15 16 |7 18 19 20 2i 22 


of the boiler-rroom ,: s : 
bulkhead,comparedto 4 : : : 
the temperature rec- § § & 5 
ordsofthecornlocated * *’ ** u 

A 


at the same heights 
but near the center of 
the hold, areshown in ¢ 27_ a2 
figure 57. As will be 
seenfrom the tempera- 
ture records in figure 
57, the temperature of 
the corn located 
against theupper, mid- 
dle, and bottom parts 
of the bulkhead was 
very noticeably affect- 


an 


Fic. 55.—Hold 1: Temperature records of the electrical resistance 
ed by the heat from thermometers, locaticn of the thermometers in the hold, and sam- 
the boilers. Table 38 ples secured at Rotterdam. Heavy shading represents heat- 


shows fat the haves ae damaged corn. (Cargo No. 8.) 

cated against the upper part of the boiler-room bulkhead, at the time of 
discharge, had a temperature of 132° F., as against a temperature of 
32° F. for the corn located the same height in the hold but 15 feet 
distant from this bulkhead, and that the corn located against the 
bottom of the boiler-room bulkhead at the time of discharge, had a 
temperature of 53° F., as against a temperature of 39° F. for the corn 
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at the bottom of the hold but located 30 feet distant from this bulk- 
head. This was a higher increase in temperature by 100°, 77°, and 
10° F., for the corn located against the upper, middle, and bottom 
parts of the boiler-room bulkhead, respectively, than the increase in 
temperature for the corn located at a corresponding depth in the hold 
but from 15 to 30 feet distant from this bulkhead, and clearly shows 
the effects of the boiler heat on corn having a high moisture con- 
tent when stowed in 
this position in the 
vessel. Is 
Hold4waslocated ” 
just aft of the engine 
room. The pro- 
peller-shaft tunnel § 
was located along S 
: 


the bottom of the - = aan 
hold, and this tunnel A rail et eee 
eo CC ee eee 


also extended along aS 


Rca cor hold tonite a! Gee aeRO 
Fl te a 
a4 Lhe, corn j}that. sz = Ss : g 
was located next to ans : 3 
the engine-room 4 8 & a5 
bulkhead in the for- ‘° °° ™ Le 
ward part of the hold 40 12 
became hot and ies 
badly damaged dur- 
meeathel|voyage; '* 16 eae 


The corn located 
against the shaft 
tunnel in the bottom 
of the hold at the 
time of discharge 
was heating, moldy, 
and slightly discol- 
ored, but the re- 

C Fic. 56.—Hold 2: Temperature records of electrical resistance ther- 
mainder of the corn mometers, location of the thermometers in the hold, and samples 


in the hold was dis- secured at Rotterdam. Heavy shading represents heat-damaged 
corn. (Cargo No. 8.) 


charged in good con- 
dition. As is seen in figure 59, the damaged corn next to the engine- 
room bulkhead had the highest temperature at the upper part 
of the bulkhead and the temperature decreased toward the bot- 
tom of the hold, also toward the center of the hold. ‘Thermometers 
29, 37, and 41, located next to the engine-room bulkhead near the 
Barta: haleway down, and near the foram of the hold, indicated 
a ite increase in temperature from the first day that the corn was 
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in the hold. Thermometer 29, which was located opposite the 
| engine-room bulk- — 
wisisizisis2022 head,nearthesurface 
of the corn, did not 
show as high a tem- 
perature during the 
voyage or at the time 
the corn was dis- 
charged as thermom- 
eter 37, which was lo- 
cated next to the en- 
gine-room bulkhead 
halfway down in the 


TEMPERATURE °F 


: § 3 s _ hold; thisisaccount- 
KR R Wy 
g 3s Ph fete ed for by the fact — 
5 § x TARBOAR. = S . 3 h h 2 
Oe gro is Sa that thermometer 29 
eas \ = i7e sar 419 was inadvertently 
2i 6 204 34——--H32 278 
Sa ASOT SRN tn placed several feet 
B (B)=AS TER END OF HOLD 
23 39 182 : z = —-- 2 226 26 22 back from the bulk- 


head. However, 
nerves) __ 53 186 32 26 sample No. 30, which 
was taken from the 
corn the same height 
in the hold as sample 
No. 29, but in con- 
tact with the upper 
part of the engine- 
room bulkhead, 
Fic. 57.—Hold 3: Temperature records of electrical resistance ther- shows a temperature 


mometers, location of the thermometers in the hold, and samples of 145° F, Table 39 
secured at Rotterdam. Heavy shading represents heat-damaged shows that the corm 


oo ee ee located next to the 
upper part of the engine-room bulkhead increased 113° F. in tempera- 
ture and 26.2 c. c. in ae 2 
acidity, and decreased os29'1 2345 6789 Oi 21S 14'S 16 17 18 19 2021 22 
7.5 pounds in test 
weight per bushel, 30 , 
per cent in germina- 
tion, and 87.5 per cent 
in sound kernels. 
Thisis in contrast with = 
an increase of only feather lee 


5 i OCEAN VOVAGE. 
1° F. in temperature 

: : Fig. 58.—Temperature records of the thermometer located from the 
and 0.6 c. c. lm acid- surface to the bottom of the corn near thecenterof hold 3. (Cargo 
ity, and a decrease of No.8.) 


only 0.25 pound in test weight per bushel, 20 per cent in germina- 
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tion and 0.8 per cent in sound kernels for the corn located the same 

ees Bee height in the hold but 

: ei ee ee ee 1 eu 7 ee 7 mee 12 feet distant from — 
i tttttt itt the bulkhead. The 

corn located against — 

the engine-room bulk- 


§ head halfway down in 
the hold increased 83° 
es F. in temperature, 
a 21.6 c. c. mm acidity, 


and decreased 6.5 
: i : | pounds in test weight 
See p02 Bee per bushel, 48 per 


re eee 


pa = § = = cent m germination, 
w = » 2 Sep yens . 
ek ee alae < § § 2 and 86.4 per cent in 
BS Ses S : Se = 1 
= 5S 4 =, & 2 soundkernels. This 
% 38 2 30 is in contrast with an 
Se FORRES. Se : increase of only 1° 
Sipe tg | Sees ae “as cee oS a NW sim Temperature, Os 
= = SSS=s= 22) i Ze . Sus 
Se Se ‘os ‘(es TS 20 io es. C. in acidity, and a 
46 35 188 3I- Ee Wee 176 30 48 = os 
40 1% 196 se-\47/ MEH Obie J 29 16s 32 «s decrease of only 0.25 
59. 2-396. 116-7 Zell = 5 6168 «SI C4) = ; 
Rees toe SR zz 25 “2 pound in test weight 
ro) 


per bushel, 22 per cent 
in germination, and 
0.2 per cent in sound 
kernels for the corn 
located the same 
height in the hold 


a but 12 feet distant 

Fic. 59.—Hold 4: Temperature records of elecirical resistance ther- 
mometers, location of the thermometers in the hold, and samples from the bulkhead. ; 
secured at Rotterdam. Heavy shading represents heat-damaged Th e corn ] ocate d 


eorn. (Cargo No. 8.) 2 
against the lower part 


eee ee ore 


of the engine-room 
bulkhead was not 
heating, but the tests °° 
showed that it had 
undergone more de- 
terioration im every 
factor than the corn 
in the lower part of 
the hold but 12 feet 
back from the bulk- 


head. The effect of Fic. 60.—Temperature records ofthe corn located from the surface to 
the bottom of the corn near the center of hold 4. (Cargo No. 8.) — 


FEB. MARCH 
282912345 678 9 101i 12135 415 6 I7 18 18 202! 22 


TEMPERATURE 


OCEAN VOFAGC-—$——$__$___—_—— 


the engine-room heat 
on the corn located next to the shaft tunnel is described 
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® 


in the discussion of 
the condition of the 
corn in hold 5. 

The corn in hold 5 
underwent very little 
deterioration and was 
discharged in good 
condition, excepting 
that portion of the 
corn that was stowed 
next to the propeller- 


TEMPERATURE °F 


a ot 
FE 


i} 


AN VOYAGE: 
a el SS ee) g 


shafttunnel,alongthe | # 4 ete 
bottom part of the : Ets » 5 3 
hold, which wasina 2? §& 3 8 3 
sour,moldy,andheat- 51 38. s20 Baa 25 50. 


ing condition. As is 

shown in figure 62, the 

corn located directly 25 «6 ze2 
58 S2 180 


am-top. of the :sih adtro. 5° 28s 445 
tunnel began to in- 


crease in temperature aE FORWARD, 
; nebaiaee ,_i——-->50 
as soon as the ship got SSlshe aaa, 
in motion at the be- a ener 
. . J #55- 
ginning of the voyage, Se 
and the temperature SN Ga SS ee 
"56 sg Se Se 


increased in a regular 260} |= ——y rennet 

manner dur ng there-  yi¢. 61.—Hold 5: Temperature records of electrical resistance ther- 

mainder of h se mometers, location of the thermometers in the hold, and samples 
; t 7 OY: secured at Rotterdam. Heavy shading represents heat-damaged 

age, While the temper- — corn. (Cargo No. 8.) 


2281-2345 678 AeA ee iSuiadiswianiuemessouanicsume ature of the corn 
stowed the same 
height in the hold, 
but halfway between 
the shaft tunnel and 
the sides of the 
hold, remained prac- 
tically stationary 
during the whole 
voyage. 
Table 40 shows 


© ES = 
: he Gales oy eS 
See eS CN Sw ats that the corn located 
ese SS eee = beats : 
Sept abe ; s 3 directly on top of 
; 6 : ‘ iy 
Shute San Reg nN sae Se pes the shaft tunnel 
58 52 18.0 27 —--}-----%«358-0 panate Ut ° . 
of on eater ase: 2 ee increased 55° F. in 


; -m. 2. 
Fia. 62.—Hold 5: Showing effect of the heat from the propeller-shaft fe i oe vty ene : 2 
tunnel on the corn located against the tunnel. (Cargo No. 8.) C2 Gs “in Pacidat y; 
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and decreased 4.5 pounds in test weight per bushel, 46 per cent in 
germination and 28.5 percent in sound kernels. This is in contrast 
with an average increase of only 2° F. in temperature and 1.5 ¢. ¢. 
in acidity, and a decrease of only 0.25 pound in test weight per bushel, 


CARGO No.8 
ACIDITY. -—C.€, 


SSS S/7.6 
GS 20.8 
20.8 
MES 35.5 
a 55.7 
38.5 


GERMINATION — % 


EMPERATUARE OF THE CORN AS LOADED: AVERAGE 29 F RANGE 24-7033 F, 


RANGE IN THE TEMPERATURE OFTHE CORNAS DISCHARGED — F 


E53 = CONDITION OF THE CORNAS LOADED 
GEE = CONDITION OF THE CORNAS DISCHARGED 


FIG. 63.—Correlation of the temperature and condition of the corn 
as loaded and as discharged. (Cargo No. 8.) 


15 per cent in germination, and 0.8 per cent in sound kernels for the 
corn located the same height in the hold but 10 feet distant from the 
shaft tunnel. 

The correlation of the temperature changes and the changes in 
condition of the corn is illustrated in figure 63. 
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Cargo No.9 consisted of 268,682 bush- 
els of artificially dried corn. The corn 
was loaded April 11 to 15,1912. The 
steamship sailed April 16 and arrived at 
Liverpool, England, on May 2, where the 
corn was discharged from May 3 to May 
10. The length of the ocean voyage was 
17 days. Themaximum time any of the 
corn was in the vessel was 30 days, and 
the average time was 24 days. 


HOLD 2 
DRIED CORN 


STOWAGE OF THE CORN. 


The steamship had seven cargo holds 
and, as is shown in figure 64, each hold 
was entirely filled with corn. Hold6had 
20,000 bushels of wheat stowed in the 
lower part of the hold, the upper portion 
of the hold being filled with corn. Hold 
4 was located just forward of the boiler 
room and hold 5 was located just aft of 
the engine room. The propeller-shaft 
tunnel extended along the bottom of 
holds 5, 6, and 7. 


DRIED CORN 


See 


DAIED CORN 


BOMLERS |i Nae as y ‘| °. oR) 2N ) COR 


(Cargo No, 9.) 


CONDITION OF THE CORN AS LOADED. 


yah 
oy 


All of the corn in this cargo had been 
artificially dried before loading. The 
condition of the corn as loaded is shown 
in Tables 41 and 42. The averages for 
the various factors of the corn as loaded 
were as follows: Moisture content 17 per 
cent, acidity 19.9 ¢c. c., germination 37 
per cent, sound kernels 91 per cent, test 
weight per bushel 53 pounds. The aver- 
age temperature of the corn as loaded 
was 51° F. It will be noted from the 
tables and charts that although the aver- 
age moisture content at the time of 
loading was relatively low, it still was 
not low enough to insure the carrying of 
the corn safely in all parts of the vessel. 
In this connection it will be recalled that 
this shipment was made Afi the spring months of April and May. 


HOLD § 
js DRIED CORN °: 


HOLD 6 
LB ek mg i WHEAT ho 
aaa shar [ronves | | 


BULK conw | ray Sees Bs 
A = HoT CORN [72 ]}= COOL CORN 


HOLD 7 


Fia. 64.—Diagram showing the arrangement of the steamship and the stowage of the cornin holds, The heavy shading represents heat-damaged corn as discharged. 


CARRYING QUALITIES OF EXPORT CORN. 91 


TABLE 41.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 9, as loaded and as discharged, by holds. 


Tempera- | Moisture 
Holds. fine. content. 
Hold 1: ay de Per cent. 
(A SHLO AC OMt is ee het a eee aie 43.0- 49.0 | 16.5-17.7 
AS discharced sassea eee ZV EOE GY 60)" Baemeecsecice 
Hold 2: 
FANS LOAM Editon ee nee eae 49.0- 50.0} 16.6-17.5 
Asidischarged: 222 235.2 .: 49.0- 61.0 |..-.----.--- 
Hold 3: 
ASHoOad ed ace aan so -= ace. 47.0- 59.0 | 17.1-17.9 
mSidischarged iss -nece ee oe A670S12250H Se aessesee 
Hold 4: 
JARS OYX6 CYCLASE INNS Bait Gey SR yee tet 47.0— 62.0 | 16.0-17.4 
Asidischareed 22 -.4.-0 552-6 DASO=140) 0M eee eceae a 
Hold 5: 
AGO dedi eee ee es ek 48.0- 59.0 | 16.4-17.1 
PAsidischarpedessee- asec =e Ass (Vag Ol sseeeocsuser 
Hold 6: 
AS OBE <a eos ones 46.0- 59.0} 16.8-17.0 
AIS) MISC ane dion seeeins cee oe PAO= 130) lessaceaonese 
Hold 7: 
PA SHORMEOte teeters cine 43.0— 55.0 | 16.9-17.7 
INS @ISChareede- cen ess as. - ADs 0161-10) |e eteiesene: 


TEMPERATURE CHANGES 
DURING THE VOYAGE AND 
CONDITION OF THE CORN 
AS DISCHARGED. 

During the voyage, 
the corn in this cargo 
became badly damaged 
next to the upper part 
of the bulkheads sepa- 
rating the corn from the 
boiler and engine rooms, 
also in the ‘‘feeder”’ at 
the upper parts of holds 
3 and 4, and, to a small 
extent, in the after part 
of hold 3 and along the 
shaft tunnel in the bot- 
tom of holds 5, 6, and 7. 
The balance of the corn 
in the cargo was deliy- 
ered in Europe in good 
condition. The maxi- 
mum temperatures 
found in the corn as dis- 


alae Germina- Sound Weight 
Acidity. tion. kernels. | per bushel. 
Guc: Per cent. Per cent. Pounds. 
18. 6-21. 4 30. 0-34. 0 88. 6-92.5 | 52. 50-53. 25 
19. 0-22.8 21.0-31.0 63. 5-92.7 | 52.00-53. 50 
17.2-23.2 | 16.0-47.0 | 85.4-93.2 | 52.25-53.75 
18. 0-20. 6 14. 0-49. 0 94. 6-92.4 | 52.75-53. 75 
17.9-26.6 | 25.0-45.0 ] 85.9-94.9 | 51.50-54. 00 
19. 8-40. 0 0-38. 0 40. 0-93.7 | 47. 00-54. 25 
17.0-22.4 | 16.0-45.0] 89.1-94.7 | 52.00-53.50 
19. 4-35. 8 0-45. 0 0-94.0 | 48. 25-54. 25 
17.0-21.6 | 33.0-48.0 | 89.3-94.3 | 52.50-54. 00 
17.0-32.8 0-44. 0 4, 3-93.2 | 49. 25-54. 00 
20.4-21.4 | 35.0-43.0 | 87.1-89.2 | 52. 00-54. 00 
20. 2-26.8 | 10.0-43.0 | 70.6-89.6 | 50. 00-54. 25 
17.4-21.2 | 24.0-43.0} 90.7-93.2 | 53.50-54. 50 
19.6-26.0 | 29.0-45.0]} 90.8-93.6 | 53. 25-54. 25 
APRIL MAY 


O21 22 23 &% 25 26 27 2829 30 | 


23456 


C 


6 § 

Go 2 Soaps 

Ny KR 

Reams aneod 

Wee oS 

x 8 5 
228 2l 1 
19.0 23 2 
194 29 3 
204 3 4) 


Fic. 65.—Hold 1: Temperature records of the electrical resistance 
thermometers, location of the thermometers in the hold, and 


samples secured at Liverpool. 


damaged corn. 


Heavy shading represents heat- 


(Cargo No. 9.) 


charged were 57° F. in hold 1, 61° F. in hold 2, 122° F. in hold 8, 
140° I. in hold 4, 121° F. in hold 5, 56° F. in hold 6, and 61° F. in 


hold 7. 


There were no facilities for making moisture tests for the 


samples secured at the port of discharge, and the moisture tests of the 
samples secured at the time of loading only are given for this cargo. 
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TaBLE 42.—Showing the condition of the dried corn in cargo No. 9 at the time of loading 
and the change in condition while the corn was in the vessel—samples taken in order in 
the holds from top to bottom. 


[T 1, etc., represent samples in cross-wire containers.] 


Temperature. 
Sample No. 
As : 
As dis- 
load- 
edi charged. 
Hold 1 see Dap a ey 
js esses ae 49 | 57 
POR ee 46 55 
RU Oeteecs 43 44 
7 Rie: eco ee 4 46 
Hold 2 
A iS 49 61 
Gece ee 50 53 
ey (ea = 50 53 
WEP Beers G8 49 49 
A ere ees 50 54 
Hold 3: 
DAO ress 47 70 
1 pes er eel ere eae 106 
dM Oe aoe 59 61 
Ras eee 55 59 | 
Sia ee 54 48 
JMU iS aeace 50 47 
Ava lee 55 57 
TAI = 50 50 
1b es AE eee 122 
19S ass 50 46 
Hold 4: 
20s 48 135 
A a) See ee 47 139 
D2 ea S| Le 102 
2 me els ey =i ee ears 
DAS So Fe 140 
Di BEE a Saas 62 
OTe eae ees S| eee Se 132 
SUPE Beas = 55 54 
4 NOS ee eee 53 60 
E29 ee 49 70 
30a 56 69 
Sls so aleeeaas 61 
TSO Se 62 58 
ibe Serene 61 57 
TSA ae 3 57 62 
Hold 5: 
SO ae Ss ee 112 
ies Sse Sees 121 
ay Sees Ss baa 81 
5 Sain ene eas Popes ee 100 
Pale = 53 52 
AO Ne 51 50 
AAD Ee Noe 51 54 
AD 5 285s 59 95 
RASS a 55 72 
AAA So ot 50 71 
PAD er ace 48 48 
TAG ae 51 75 
Hold 6: 
aA ieee 59 56 
AR iar et 51 56 
49261 22 46 52 
Hold 7: 
50s 55 60 
AGS UE hee 46 _ 55 
Web 2 = cee 43 45 
Do Reece 5Oa|seesceeee 
dL. Nee ee 48 61 


Mois | Acidity: 
con- 
tent 
as 
load- |, AS | As dis- 
ed. teed: charged 
Pe Ch sa) 564€: CEC: 
TF | 2k 22.8 
17.5 | 18.6 19.0 
16.5 | 21.0 19.4 
16.5 | 20.2 20. 4 
16.6 | 20.6 19.4 
17.1 | 21.4 20.6 
17.3 | 23.2 18.2 
17.5 | 17.2 20. 2 
17.0 | 19:24 18-0 
17.9 | 17.9 23.0 
A tees foe SORE 
17.5 | 22.2 22.0 
17.6 | 26.6 24.2 
17.7 | 19.0 19.8 
17.5 | 20.2 21.0 
IFAS 20. 8 
P16] 24-8 31.0 
SRE Bre 40.0 
17.2 | 19.6 21.8 
17.0 | 19.0 33.6 
17.0 | 19.0 28.4 
ies eae 72 
17.0 | 18.6 30. 2 
pee Se aleee 25.8 
ree Pecees Sears 
2a see ee 
17.3 | 20.0 20. 8 
16.25/18: 2 22.8 
17.2 | 18.0 22.6 
17.4 | 22.4 22.2 
poh en 21.6 
16.2 17.0 20. 8 
16.0 | 18.6 19.4 
16.5 | 20.6 21.2 
17.1 | 21.6 31.0 
iS eee Be 32.8 
pu amas eee 21.4 
ee ea 27.6 
16.8 17.0 18.6 
16757), 18:8:|— 17-0 
17.0 | 19.4| 22.0 
16.921 20564). < 22-2 
17.0 | 19.8 22.6 
16.4 | 18.2 27.6 
17.0 | 18.4 19.4 
16.5 19.0 21.6 
16.9 | 21.4 26.8 
16.8 | 20.4 21.0 
17.0 | 21.0 20.2 
16.9 | 18.2 19.6 
1G72 |: 2122 26.0 
17.6 | 18.8 21.2 
470 17-6" |e 
16.9 | 17.4 23.6 


seta Weight per 
Germination. |Sound kernels. usher 
_| As dis- |; a As dis- As As dis- 
charged. ad charged.) loaded. | charged. 
AERC | tha Chale Pe gh Dbs. Lbs. 
21 | 88.6 63.5 03. 25 52. 00 
23 | 92.5 92.7 53. 00 53. 50 
29 | 92.5 92.4 52. 50 52. 50 
31 | 89.0 88.9 52. 50 52. 00 
14 | 88.5 87.8 53.20 53. 25 
49 | 85.4 $4.6 02.25 53. 00 
31 | 89.6 92.1 53. 00 53.75 
40 | 93.2 92.4 52.75 02.75 
32 | 91.5 92.1 58.75 53. 00 
0 | 88.2 54.0 52. 50 51.50 
P45 eee 6h Oe 50. 50 
22 | 86.8 86.6 52.75 52525 
21 | 83.9 83.9 51. 50 54. 25 
21|92.2| 922] 54.00| 52.50 
34 | 94.5 91.7 53. 00 53.00 
36 | 88.4 92.3 52. 50 52225 
38 | 92.1 69.1 52. 50 49.00 
Si aaa 40° 02|.- =. 22 47.00 
28 94.9 93.7 53. 00 53. 50 
0 | 89.1 15.7 53. 00 50. 25 
0.| 92.1 0 52.25 49.50 
hes ae 30: 6 S222 see 49.25 
2 | 92.0 44.9 B15 () a | saree 
Os/Lseee 03| 2 48.75 
Stale 0:2: nasa 53.75 
(Ug eR be Se 1 eee ees 48.25 
26 | 94.7 94.0 52. 50 54. 25 
15 | 94.2 94.0 53. 00 53.00 
18 | 93.1 93.7 52.00 53. 00 
10 | 90.7 90.5 53. 25 52. 00 
21a 84: 4a les eee 52. 50 
42 | 92.9 91.2 52.25 53. 25 
45 | 93.8 94.0 52. 50 52.75 
36 | 93.7 92.7 52. 00 52.75 
4 | 90.6 46.7 54. 00 51.75 
gS Rasen HGs4 eee 48. 25 
S45 ES SOS2s bases §1.75 
On| =e 7 ee eee ae 51.25 
41 | 92.3 93.2 53.25 54. 00 
38 | 90.2| 885] 54.00 53. 00 - 
35 | 93.8 90.9 53. 25 53. 50 
28 | 89.3 88.6 53. 00 51. 00 
19 | 89.4 86.9 52. 50 51. 25 
3 | 92.6 53.6 54. 00 50. 00 
44 | 92.7 92.6 53. 50 54. 00 
28 | 94.3 91.0 53. 00 52. 50 
10 | 87.1 70.6 52. 00 50. 50 
40 | 88.8 88.9 53. 50 54. 25 
43 | 89.2 89.6 54. 00 52. 50 
45 | 93.2 Ci ve 54. 50 54. 25 
29 | 90.7 90.8 53. 50 54. 23 
37 | 92.5 93.6 54. 50 53.75 
eS See OOS Ss ce s2 54. 502 |S ase Ss 
27 | 92.0 | Tae eee 54. 00 53. 25 


1 This sample was principally dirt and broken corn, evidently a representative sample of only a few 


bushels. 
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The corn in holds 
1 and 2 showed prac- 
tically no change 
durmg the voyage 
and was discharged 
in sound condition. 
The temperature rec- 
ordsfor the thermom- 
eters located in the 
various positions i 
these holds are illus- 
trated in figures 65 
and 66. 

Hold 3 had one 
eargo hold between 
it and the boiler 
room, and, although 
the corn had been 
artificially dried be- 
fore loading and there 
was no opportunity 
for the heat from the 
boiler to penetrate 
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Scope gO coats fag 
Bi Ey Shall ninite Bayes > 
ae oh ase Mee ie 
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Fic. 66.—Hold 2: Temperature records of electrical resistance ther- 


mometers, location of the thermometers in the hold, and samples 
secured at Liverpool. Heavy shading represents heat-damaged 
corn. (Cargo No. 9.) 


this hold, still some 
of the corn became 
hot and damaged dur- 
ing the voyage. It 


TEMPERATURE °F. 


SAMPLE Wo. 

N GERMINATION °o 
© 

© 


oo 
& $ 
58 
° ® 


* Trectig@ Be = = -----+]-49 


will be noted from 
Table 42 that some of 
the samples secured 
at the time of loading 
tested the highest in 
acidity (26.6 c. c.) of 
any samples in the 
cargo that were se- 
cured at that time, 
showing that at least 
some of the corn in 
this hold had under- 
gone considerable de- 
terioration before it 
was loaded into the 
hold and was in a dan- 


Fic. 67.—Hold 3: Temperature records of electrical resistance ther- 2{@TOUS condition for 


mometers, location of the thermometers in the hold, and samples 
secured at Liverpool. Heavy shading represents heat-damaged 


corn. (Cargo No. 9.) 


export, with an aver- 
age moisture content 
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of over 17 per cent when shipped during Apriland May. The damaged 
corn was found in the after part of the hold near the shifting boards 
about halfway down in the hold, also in the feeder which extended 
down one deck from the top of the corn under the hatchway. This 
is illustrated in figure 67. 

Hold 4 was located just forward of the boiler room. The corn 
located next to the boiler-room bulkhead became badly heat damaged 
during the voyage, the greatest heat and the most severe damage 

ri oe being found at the 

12 IS 16 15 16 17 18 19 20 2| 22 2324 25 26 27 282930! 234 § 6 surface of the corn. 
There were no ther- 
mometers located im- 

Sa SSeS ae : mediately against the 
See eee etetec boiler-room bulkhead, 

enema elke but thermometer 21, 
located even with the 
| ess 4 «top of the boiler room 
|_| eGR easEee halfway back in the 
i Ea aL a hold registered a rapid 


TUR: 


TEMPERA 


bance ch ak 


SS s § , imerease in tempera- 
6 ~ 9 r . 
2 nlsesas >  § 4 ture from the begin- 
~j = i g = ° 
: gieug Ss § § ning of the voyage. 
20 0 ase saa 62 43 There was a smallair 
an ae st 2s 
3620588 : "| ceomovormecomn: space under the deck 
a7 25 208 greg | @veomunaar~, and above the com, 
! : 222 #10 <0, : 
| eee a Sa-p--e 26 2 st extending from the 
32 42 208 ans 82 212 6 §©=6fooder in the forward 
part of the hold to the 
upper part of the 
boiler-room bulkhead, 


and, as soon as full 
steam was gotten up 
in the boilers at the 


beginning of the voy- 
Fic. 68.—Hold 4: Temperature records of electrical resistance ther- = h 
: ; eat gene- 
mometers, location of the thermometers in the hold, and samples ae, the S : 
secured at Liverpool. Heavy shading represents heat-damaged rated im. the boiler 


cae ee a room penetrated the 
bulkhead and was transmitted to the corn, where fermentation was 
started and accelerated until the temperature of the corn at this posi- 
tion of stowage had increased from slightly under 50° F. at the be- 
ginning of the voyage on April 16, to over 140° F. April 29, an increase 
of over 90° F. in temperature in 13 days, as is shown in figure 68. 
The condition of the corn in the various positions of stowage in the 
hold as loaded and as discharged is given in Table 42. 
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Hold 5 was located just aft of the engine room. The corn located 
next to the engine-room bulkhead became hot and badly damaged 
during the voyage. As is usual, the greatest heat and the most 
severe damage were found next to the upper part of the engine-room 
bulkhead and less heat and less damage the further the distance 
back from this bulkhead, and also toward the bottom of the hold. 
The corn in the remainder of the hold, except that located next to 
the propeller shaft tunnel, changed very little and was discharged 
in good condition. 
The corn located next 
to the engine-room 
bulkhead, about 9 
feet under the sur- 
face of the corn, at 
the time of discharge tt fee gay verase 


12 8 4% 15 16 17:18 
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ENING Va 


TEMPERATURE, °F 
a 2) | 


oO 
WL 
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had a temperature of < i ee 
121° F. tested 32 c. : : : : 
c. in acidity, 4 per : : Sues oe 
cent in germination, 40 38 170 ug of 8 
BIN AO *POUTIds i 7 ee 216 0 38 
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bushel, while the corn 7% 2 até 226 19 4S 


located the same —_, comnoy acom m: 
heichtin thehold but 9 ©4ae a= ss 
about 20 feet distant Bene es 
‘from the bulkhead, 52°F" ec 
had a temperature of Gaeme ase eee 
only 52° F., tested 


18.6 c. c. m acidity, 


41 per cent in germi- 

: Fic. 69.—Hold 5: Temperature records of electrical resistance ther- 
nation, 93.2 per cent mometers, location of the thermometers in the hold, and samples 
mn sound kernels and secured at Liverpool. Heavy shading represents heat-damaged 


: corn. (Cargo No. 9.) 

54 pounds test weight 
per bushel. This is shown by the analysis records for samples Nos. 
36 and 39, in Table 42. It will be noted from this table that the 
corn which was in the center and after part of the hold was dis- 
charged in Europe in practically the same condition that it was in 
when it was loaded into the vessel. The location of the sound and 
damaged corn in this hold as discharged is illustrated in figure 69. 

The corn in holds 6 and 7, like that in holds 1 and 2, and in the 
middle of the after part of hold 5, was discharged in Europe in prac- 
tically the same condition that it was in at the time of loading into 
the vessel, except that a small amount of the corn located along the 
shaft tunnel in the bottom of the three after holds was somewhat 
musty and sour. The temperature records for the corn in the various 
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Fic. 70.—Hold 6: Temperature records of electrical resistance ther- 
mometers, location of the thermometers in the hold, and samples 


secured at Liverpool. 
corn. (Cargo No. 9.) 


tion in which it was 
stowed, the time of 
year in which it was 
shipped, or the length 
of the ocean voyage. 

(2) But the higher 
the percentage of 
moisture in the corn 
when shipped, the 
ereater was the danger 
of spoilage during the 
voyage. 

(3) Various contrib- 
uting causes worked 
with the moisture 
in causing spoilage. 
A combination of 
two or more contrib- 
uting causes result- 
ed in much greater 
spoilage than one 
contributing cause 
alone, 
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positions of stowage 
in holds 6 and 7 are 
illustrated in figures 
70 and 71. 

The correlation of 
the temperature — 
changes and the — 


changes in the condi- 


tion of the corn is il- 
lustrated m figure 72. 


SUMMARY. 


The results of these 
investigations may be 
summarized in very 
few words: 

(1) If the corn was 
dry and in a sound 
condition when 
shipped, it arrived in 
Kurope in a like 
sound condition, re- 
gardless of the posi- 


MAY 


pcos u | 
Law Eas =e == S= 
ee ama ra 
gouneeeecaseeeerne 


ACIDITY 
3  GGERMINATION % 


5h, 


secured at Liverpool. 


eorn. 


(Cargo No. 9.) 


21.2 37 s2 


23.6 27 


erie 
ce 

SHAFT TUNNEL - 
[Sie SIRT ae a ONO | 
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These conclusions may be verified by a study of Table 43, which 
is practically a sum- 
mary of the entire 
investigation. 

It may reasonably 
be expected, in other 
export shipments, if 
the quality and condi- 
tion of the corn and 
the shipping condi- 
tions are similar to 
those found in the 
ninecargoesdescribed, 
that the quality and 
condition of the corn 
on arrival at Euro- 
pean ports will be the 
same as in those car- 
goes. 

As the qualy, 
condition, and tem- 
perature of corn to 
be exported can be 
determined before it 
is delivered on board 
the vessel, and as 
the season the 
year during which 
shipment is to be 
made, the place of 
stowage,andthe prob- = =CONQITION OF THE CORN AS LOADED 
able length of voyage HEM = CONDITION OF THE CORN AS DISCHARGED 


are known or can be F!G. 72.—Correlation of the temperature and condition of the corn 
ascertained, an esti as loaded and as discharged. (Cargo No. 9.) 
; wh 


mate of the condition of the corn on arrival can be nade in advance. 
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